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Urder direcuion i tne Scecret: vy 9f Defense and in accordance with the Copper
Conservation Program, the development of an improved neai treated steel case for |
7.62mm ball and tracer cartridges was hegun at Frankiord Arsenal in 1966.

A previous 7.62mm stecl cartridge-case Product Improvement program was con-
dusiad at Lake City Army Ammusition Plant and Frankford Arsenal, but was dis-
continued in 1957 and 1960 respectively, without conclusively establishing a
Fanction2] cartridze case. A process was established and cartridges were manu-
i2ctared bat were never tested by USATECOM. Past eiforts demonstrated though,
throuzh manufacture ef iwo million stecl-cased cartridges at Lake City, and lesser
quantities at Fraokford Arsenal, that a heat trected 7. 62mm steel cartridge case
was feasible. however, improvements were required in material, simplification of
process, heat treatment, surfxcce coating, and contro! of guality, acceptability, and
eniformiiy.
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Work under the present program was based largely upon the results obtained from
carlicer efiorts, and resulted in 2 considerabliy-improved cariridge case, meriting
TECOAX! evaiuztion for standardization; this case was manufactured utilizing im-
proved material and simplified processing methods. Major changes and deletions to
previous processes were made. Induction heat treating with oriented quench ard a
varaish surface coating were employed; and ope rations such .z mouth and body
anzeal, retaper and replug, and zinc-plate cronik treat were eliminated. In addi-
tion, tooling, lubrication, and contrcis were improved. ;

The present prozram was planned and conducted ;» two phases. Phase I included the
evaluation of previously established processes, the examination and testing of the
components and ammurition produced, and the acquisition and installation of the
accessary process equipment. Temporary manufacturing pracedure (TMP) 301 was
estaolished, whicn specified processing methods using Republic C1025 steel, under
which developmental quantities of cases were manufzctured. Process modifications
were mada to TMP 301 on a lot-by-lot basis until proof testing indicated that a

satisfactory process had heen obtained.
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Phase 1L of the program required the production of approximately one million steel-
cascd cartridges under TMP 305, using Sharon C1025 steel, which was based upon
the madifications to THMP 301 found most satisfactory during Phase 1 of the program. }

. Cartridge case quantities for ET/ST were shippaed to the specified test locations, ‘ ;
narwly, APG (tests not completed); USA Infantry Board, Fort Benning (tests com- :
plete:}); USA Armor and Engineer Board, Fort Knox (tests suspended pending APG
outcome); and USA Arctic Test Center, Fort Greely (tests completed). Official
TECOM statement of position is depéndent on the outcome of Engineer Tests at APG,

which have been delayed due to higher priority work.
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Sinie the start of the stecl case program-in 1966, supplies of copper in the free
world market have become more stable and:less costly. The Copper Industry Trade
Institute has projected:world copper supply over the next few years and has com-
pared this with projected copper demand for the same period. Forecasts indicate
that there will be-a surplus rather than.a shortage of copper in the near future; much
of this world copper however, is mined in countries with unstable governments, and
labor problems are a continual threat to copper supplies. As a result of this
apparently-improving condition of -copper supplies, present plans call for complete
documentation of steel~case manufacturing techniques, as developed to date, in the
event that copper again becomes scarce. WLile determination of the ultimate degree
of success-or failure of the program rests with ET/ST results, this report relates
the present state of the art of heat trcated steel case development and manufacture.

PROCESS METALLURGY

In addition to routine checks of hardness, microstructure, material quality, etc.,
conducted throughout processing, two comprehensive process evaluations were made
to determine the metallurgical adeguacy and snitability of the processes used.

The first of these evaluations was performed during processing under TMP 301 to
investigate the effects of different processing methods and’to predict the probable
outcomes of the various methods. The evaluation is essentially a study of case lot 6,
(sec Appendix A) with appropriate evaluations of components from-other lots, when
these components differed metallurgically from those of lot 6. It should be noted
that lot 6d was manufacturcd utilizing the process which was subsequently adopted
for processing of TMP 305.

The metallurgical evaluation of processing under TMP 305 shows representative
hardnesses and microstructures of sample compecnents taken from each lot, at
successive stages of processing., Nofc that case lot numbers 1 thru 8 listed in the
TMP 305 evaluation bear no rclationship to case lots 1 thro 9 in TMP 301 processing.

The steels used for manufacture of the heat treated case were both of AISI grade
C1025. Manufacturer's ladle analyses and Frankford Arsenal check analyses, given
in Table I, show chemical compositions to be within AISI limits for these analyses,
respectively. Both steels were fine~grained, aluminum-killed steels having low
phosphorus and sulfur content, making them ductile and suitable for deep drawing.
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TABLE T

CHEMISTRY of C1025 STEEL STRIP

Manufacturer's Ladle Analysis

Manufacturer C Mn P S Si Al
Republic .24 .43 .010 .022 - -
Sharon .24 .34 .010. .0616 .04 -

Frankford Arsenal Check Analysis

at s pmp

Manufacturer C_ Mn P S Si Al ,
Republic .22 44 L0053 .02l .10 .03
Sharon .25 .35 006 .018« .10 .05-.10

METAI .URGICAL EVALUATION OF DEVELOPMENTAL CASE LOTS MANUFACTURED
FROM REPUBLIC C1025- STEEL UNDER TMP301 '

1. Strip. The as-received material was relatively fine grained (6 to 7) with
most of the carbides.in spheroidal form (see Figures 1 and 2). The hardness is
between Rb 60-65. Prior to spheroidization, the structure of this strip consisted of
areas of pearlite and ferrite. The scattered areas of spheroidization resuit from

transformation of the.carbide in the pearlite from lamellar to spheroidal form.

2. Cup.

(a) As-drawn. The sidewalls of these cups were work hardened approx-
imately 30 points to Rb 93. Unrestr.cted grain fiow was evident in all arecas,
Follewing is a typical hardness pattern for this piece (all readings are Rb and are
taken at 1/8 inch intervals).

Rb 23 93
93 92
86 66 72 88

FpPUS—

(b) Annealed (1320°F). This treatment brought the hardness down to the
level of the criginal strip material,

RS

Rb 64 64
63 64
57 60 62 68
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3. Tirst draw picce.
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Figure 1 Neg. #2036-1966 Mag: 100X
Longitudinal view of'Republic .Steel strip, as received. Spheroidal carbides are
not discernable at. this magnification. It can be seen, however, that these carbides
formed only in former pearlite areas. Grain Size: 6 to 7
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Figure 2 Neg. #2037-1966 Mag: 500X !
Same as Figure 1 , but sphercids are visible at this magnification. :
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(a) As-drawn. No metallurgical defects were detected at this-stage of the
process. The sidewall was work hardened to Rb.96. -

E
3 , Rb 96 96
96 96
: g 95 96
2 ) 95 95
_ 88 64 64 B85
§ : (b) Anncaled (134 OOF). ‘This picce was a bit harder than the strip or
, annealed cup. Nevertheless, it was adequate to permit formation of the second
4 draw piece with little difficulty.
: ’ Rb 66 87 ,:
4 66 66 :
: ' . 65 66 e
3 64 66 i
58 G0 62 66
3 g
- 4. Secona draw picce. 3
E (a) As-drawn. The sidewall of this process piece was cold worked to Rb 99. %
3 This is only one point below the finished item requirement of Rb 100 (Re 22).
b~ Rb 99 9¢ a
§ i 99 99 3
j 99 98 2
78 i p
i 98 97 :
3 96 92 :
3 86 84
4 , 86 75 72 19 :
{; (b) Anncaled (1.32001~‘). This picce is a bit harder than the second draw piece ﬂ
3 . after anncafing. g
§
2 Rb 60 66 f
68 67 )
. (9 68 {
(8 68 i
68 67 3
. 64 68
72 66 68 57 ¥ b
3 ,5? :
3 ’ 5. Third draw picce, oo
b ‘ i 3
b () Anncaled prior to third draw. This piece did not get quite as hard as the §? 4
i second draw piece. t !
5 %__}-,
': % - ARSI = B - T T e St 0 g S R wtmmf?: P ,:
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(1)
=1

: 5 93 i -
‘ 91 93
i 96 95
; 91 93 ¥
3 95 94
12 A a2 95
: 90 96
" 86 78 T7 84
i (b) Mot ammealed prior to third draw (lot 9). Seme picces were Grawn with-
out an anncal n an attempt to attain the required sidewali properties without 2 heat .
treatment. However, it appears that the spheroidized structure had reache? its
maximum hardness at sccond draw. An increase in hardness of only ore poini, from
Rb 99 to Rb 100 was achicved. “ j
: Rb 94 a9
: 99 160
. 99 100
4 160 100
100 100
. 99 100
3 95 96
o . 91 93
* 39 99 ' :
88 75 T8 92 '
! This piece does not meet the sidewall requirements of the item specification.
A%
(c) Hardencd and tempered at 1250°F prior to third draw (lot 9. .
This treatment was performed in an effort to attain the required properties without
necessitating heat treatment of the finished case. With this treatment, cold work is
: done on a tempered martensite rathcr than a spheroidized structure. However, the .
b hardness again did not exceed Rb 100.
. 7 !
4 i
: Rb 88 91 i
. 99 97 E
99 99 |
‘ 99 100 !
100 97 . §
97 99 ’
99 98
L _ 98 94 .
s, 97 96
‘ 97 98
: 95 89 91 4
6
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(@) Anocaled afier second drowm, headed and body 2nnealed (presaratory to
Lteried after thand draw. The body anrerl is pericrmed by direct lame impinge-

e et . e e s NI N

mezi. As 2 resvit, cozirol of the microstructare is very poor. In most instances,
the etk area 1s bezted 2bove the criucal temperature producing a ferrite-
pearlide siructure.  The seftest po:nt ocears just below the skoulder where the
cifects of spheroidization are not destroyed (see Figures 3-3).

Rb 7% 3
72 71
U 69
39 38
35 8%
E X 95
96 96
=3 97
59 53
9 59

9 99 39 95

5. Un-hesi-treated case (annealed prior tc ikind draw).

(2) Bsdy acoealed orior to taperinz. The various microstructures present
in this plece are shown in Figures 3, 4 and 5. Figure 3 represents the as-drawn
stdewall in the area lef unzffected by the body a2nneai. Figure £ represents tie
soliest area on the case, approximately 1 172 inch from the base end. Spheroidiza-
t:on bas been ret2ined, the structure kas been formed through recrysiallization of
the cold-zorke sidewall. Figure 5 is from the mouth arez. The temperature in
this area excecued the loner critical temperature during body anneal resulting 1n the
formation of pearlite during cooling. The existance of the soit area in the sidewall
allowed wrinkiing to occur during tapering. This condition 1esulted in sidewall
failures during ballistic testing. Following is 2 hardness pattern for this piece:

Hardness
Distance from Base {in.) o° 180°
1. 573 Rb 59 96
1.2.50 79 30
1.250 65 63
1.000 97 94
-150 94 93
-390 92 92
L 250 N 91

-~

e -
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Figure 3 Neg. #530 ~1966 Mag: 500X
Mid-Sidewall position, 1—1/8 inch from the head, before heat treatment. The piece
has bzen body annealed and tapered. The structure is essentially ferritic witn
spheroidal carbides. The effect of cold working is still evident, indicating that
body annezling had very litile influence in this area.

Figure 4 Neg. #531-1967 Mag: 500X

Same as Figure 3 , but 1-1/2 inch from head. The steel in this area recrystallized
during body anneal. This is the softest area of the case at this stage, and as a
result wrinkles are produced during tapering.
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, Hardness
Base Position ° 180
245e 10 e ,

A 89 89
B 90 88 }
C 94 96 ¢
D 96 97 3
(b) No body anncal prior to taper. The-body. anneal'was not performed in ; . ’
order to climinate wrinkling. The wrinklés were successfully €liminated as were [y
the ballistic Tailures. ) ;
i
Hardness ] ;
Distance from Base (in.) 0° 120° = >
- - - - g
. 1.875 96 96 .
1.500 95 95
1. 250 94 94 y
L. 000 93 93 :
. 750 93 91
.500 92 91
. 250 91 89
Hardness ‘
Base Position 0° 180°
A 89 89
B 90 88 3
C 94 96 :
D 96 97 :
7. Heat treated casc (lot 4). The following table shows the hardness pattern .
of several cases hardened by induction, and tempered at various temperatures for ! ;
75 minutes. These cases received a body anneal prior to tapering. ;
Distance [rom As Tempered 75 minutes at
Basc (in.) Quenched 800°F  850°F  875°F  900°F ;
1. 969 Rh 92 Rb 61 Rbh 66 - Rb 69 *
1,937 98 62 75 Rb 64 68
1.875 Re 29 85 88 79 86
1,831 - - - 87 -- o
1,715 41 97 97 -- 93
1.675 - -~ -~ 94. - .
1.500 46 Re 26 Rec 24 Re 24 Re 20
1.250 51 28 26 24 23
1.000 51 28 26 24 23
10
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Distance from As Tempered 75 minutes at ‘
Base (in.) Quenched 800°F  8509F  875°F  900°F
. 750 50 285 26 25 23
.500 419 28 27 26 22
. 250 50 29 26 26 24
Base Position
A 50 29 25 25 22 I
B 49 29 ag 25 22 ‘
C 19 29 26 25 22 '
D 49 29 26 26 24

All of the tempered picces fall within the hardress range specified on the draning as
shown on the graph, Figure 5. The irduction coil was positioned such thei i3 heated
directly only the body and head portions of the case. The naturzl conductsvity of the
maicrial was relied upon to heat the mouth and shoulder areas. The cycle was such
that the critical temperature was not cxeeeded in the mouth. As z result, this arez
did not harden, and a mouth anncal (for crimping} was not necessary. The temper-
ing treatment was sufficient to bring the mouth within the required hardness range.

The microstructure of the as—quenched body is shown in Figure 7. This strecture
is essentially 100% martensite. The microstructure of various zreas of the
tempered body are shown in Figures 8-14. These photomicrograpns illusirate the
differential effect of heat treatment. The area from the upper sidewall to the base

is essentially all temperced martensite. The shoulder and lower mouth zrea is 2
mixture of martensite and ferrite. The open end is primarily ferrite and spher-
oidal carbide with some arcas of what appears tov be pezrlite. This is almost
identical to the mouth arca after body anneal; heat treatment had very bittle effect on
this area other than to relieve the stresses introduced during tapering. Subseguent
tempering was suificient to bring this arca within the required hardness range of

R(15T) 82-86.

Hardness patterns for two heat treafd cases which reccived no body anncal prior so
taper (Lot 6D) arc shown below. These picces were tempered at $00°F for 75

minutes,

Distance from Base (in.)

1.934
1.875
1.831
1. 500
1.250
1. 000
LT50

Hardness
No. 1 No. 2

o0 s N V)
Rb 66  Rb 65 Rb 65 Kb 64 ?

67 3 65 7S

70 77 72 $1
75 $9 85 92 -

96 96 99 56
Re 30 Re 24 Re 31 23 .
31 31 31 29 :
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Figure 8 Neg. #280-1967 Mag: 1,000X

Mouth area of tempered case, position 1 (See Figure 6 ). This microstructure
consists of ferrite, spheroidal carbide, and probably pearlite. Hardness is
Rpb5, which is sufficiently soft for crimping.
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Figure ¢ Neg. #281-1967 Mag: 1,000X

Lower neck, position é_zgee Figure 6 ). This dual microstructure consists of
ferrite (white) and tempered martensite. This structure is typical of a steel
held between the lower and upper temperatures prior to quench. (This area
probably did rise above the upper critical temperature, but not for long enough
“o allow complete transformation to austenite).
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Figure 10 Heg. #282-1167 Mag: 1,000%
Shoulder, position 3. Same as positicn 2 but showing z higher rziio of mertensite
to ferrite. This area reached 2 higher temperature than position 2.
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Figure 11 Neg. #283-1967 Mag: 1,000X
Upper sidewall, position 4. This area is primarily f{ine-grained tempered
martensite but with small areas of untransformed ferrite.
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o ) Figure 12 Neg. #28L-1957 Mag: 1,000%
Middle sidewall, position 5. This structure is zlmost fully mertensite. Some
non-metallic inclusions in the form of stringers are visible.
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Figure 13 Neg. #285~1967 Mag: 1,000X
lower sidewall, position 6. This area is also tempered martensite but the grains
are larger than at position 5. It appears that some undissclved carbides remain

in the matrix.
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Hardness
No. 1 No. 2

Distance from Base (in.) ° 180° a° 180°

.200 31 31 31 31

.250 31 31 31 3
Base Position

A 24 28 30 23

B 27 30 31 25

C 28 30 31 23

D 28 29 31 29

The mouth area is sufficiently soft to allow crimping. However, the sidewall is
significantly harder than that obtained with previous lots. This accounts for the
improved ballistic success achieved by this process.

METALLURGICAL EVALUATION OF CASE LOTS MANUFACTURED FROM SHAROXN
C1025 STEEL UNDER TMP 305

Hardnesses and microstructures of TMP 303, lots 1 thru §, are shown in table II
and figures 15 thru 33 respectively; with few exceptions, hzrdness patterns zre
included for each process picce in these lots. The microsiructures were obt2ined

from lot-4 pieces; photographs from other lots are not included since 2}l lots a2re
essentially identical.

1. Strip (Figures 15 ard 16) - The first 20 Sharon steel coils used for tkis
program were, in general, harder than the Republic steel sirip used for TMP 301.
The ranges obtained for these coils (excluding 4, 3, and 6) are shown beiow {range
of five readings):

Hardness of Sharon Steel Strip

Coil No. Hardness (Rp) Coil No. Hardness (Rg) Cail No. Hardness (Rp)
1 64 - 69 10 66 - 67 15 70 -71
2 67 - 69 11 €5 - 66 17 67 - 68
3 67 - 70 12 64 - 65 18 70 - 72
7 65 - 67 13 65 - 66 i9 69 - 7¢
8 65 - 68 14 66 - 67 20 65
9 64 - 67 15 67 - 69

2. Cup (Figures 17 and 18) - The hardness of the sidewalls, as drawn, ranged
from the low-to-mid 90's Rg. The bases exhibited very little increase over the strip
hardness. After anncaling, the sidewalls, with the exceplion of lots 7 and 3, were
in the mid-to-upper 60's Rg. Lots 7 and 8 were in the low 60's Rg. The microstruc-
ture of an a~nealed cup shows that a relatively equiaxed ferrite mairix existed in both
the sidewall and the base. (Since our primary interest was the condition of the process
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Figure 17 Neg. #2210-19567

Mag: 500X

idewall of annealed cup showing equiaxed ferrite.

Figure 18 Neg. #223i31-1967

Hardness Ry, 66-68.

Mag: 500%

E3se of zmnealed cup showing equiaxed ferrite. Hardness R 62-72.
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piece prior to subsequent forming, microstructures for the cups, first-draw pieces,
and second-draw pieces were obtained in the annealed condition only).

3. First Draw Piece (Figures 19 and 20) - The sidewalls of the first-draw pieces
were worked to hardnesscs in the mid 90's Ry. After annealing, the sidewalis ranged
in the mid 60's R, with the exception of lots 1 and 2. Based on 1-piece samples, lot
2 sidewalls were up over Ry 70, and lot 1 exhibited a reading of Ry 82; this was prob-
ably caused by improper annealing, but produced no excessive difficulties at second
draw. The microstructurc is cssentially equiaxed ferrite and spheroidal carbide.

The only evidence of previous working is in the longitudinal pattern of the carbides.

4. Second Draw Piece (Figures 21 and 22) - Second-draw piece sidewalls were
worked to the hardness range Rp 94-101; after annealing, they exhibited hardresses in
the range RB 60-69. The microstructure of the annealed piece is again equiaxed
ferrite and spheroidal carbide.

5. Headed Picce (Figures 23, 24 and 25) - The hardness table (Tabie II) shows the
condition of the third-draw piece in both the as-drawn and the headed condition. During
the drawing operation, the sidewall was worked to 2 hardness of Ry 87-97. (Ignore
the 2 1/4 and 2 1/2 inch positions since this material is removed at trimming). During
heading, the head is hardened approximately 15 points Rp; the sidewail remained un-
changed. The photomicrograph shows the sidewall in the cold-worked condition. The
photomicrograph of the base was taken from a relatively unworked area. The cold
shuts present on the internal radius do not represent a serious condition; cold shuts
of this magnitude were present in all eight lots.

6. Tapercd Case - These pieces were not body annealed prior to tapering; a slight
hardness increase was notcd in the mouth area.

7. Hardened Case (Figures 26 to 29) - All lots exhibited as-quenched hardnesses of
Rc 50 or greater in the sidewall region. Head hardnesses, in general, ranged from
R 46 to 50, indicating that this area was being quenched out, while the mouth area
remained relatively soft. The microstructure of the sidewall and head is essentially
untempered martensite, although some high-temperature transformation product,
probably pearlite, is visible at the grain boundaries in the head area. The shoulder
area contains a mixed structure of martensite and ferrite, indicating that transforma-
tion was not completed prior to quench. The mouth area is completely untransformed.
The relatively fine-grained structure is the result of annealing the cold-worked structure
produced during tapering.

#. Tempered Case (Figures 30 to 33) - Except for lots 1 and 6, the sidewall and
kead hardnesses of all cases are within the desired range (Rg 22 to 28). The R 31
exhibited by cases from lots 1 and 6 was probably the result of a short tempering time
or low temperature. The mouth hardnesses of most cases were below the desired range
of Rp 65 to 78; this did not cause any problem since the mouth is hardened somewhat
during crimping. The microstructures of the base and sidewall arc essentially tempered
martensite. The shoulder area consists of tempered martensite and ferrite. The
mouth area is ferrite, along with spheroidal carbides remaining from the original strip
material.
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Figure 19 Neg. #221,2-1967 Mag: 500X

Middle sidewall of annealed first draw piece chowing equiaxed ferrite and

spheroidal carbide. Hardness R, 62-68.
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Figure 20 Neg. #2213-1967 Mag: 500X

Base of annealed first draw piece shr .ing equiaxed ferrite and spheroidal carbide.

Hardness Ry, 67-75.
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Figure 21 Neg. ZALTT-1967 ¥=zg: SO
Upper sidewall of znnezled second drawx piecs. The microstrucicre Is egxizxed
ferrite and sphercidz) carbide. Hardness Py 62-G9.
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Figure 22 Neg. #21.78-1967 Mag: 500X
Base of annealed second draw piece. Microstructure is simiiar to thal exihibited .
by the upper sidewall. Hardness Ry 67-71. :
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Figare 25 Heg. #3167-1967 Mag: 500X

Bsse of h2adjed piece. Photoxicrograph shows structure of relatively unworked
arez. Hzrdness B; 87-96.
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26 Neg. #2984-1967 Mag: 500X

Keck of hardened case showing completely untransformed fine-grained microstructure
resulting from annealing of cold worked structure formed at tapering. Hardness
Rp 89-10C.
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Figure 27 Neg. #298L-1¢67 Mag: 500X
. Body-shoulder junction of hardened case showing untempered martensite and
; ferrite. Hardness R, 47-54.
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Figure 28 Neg. #2983-1967 Mag: 500X
Mid-sidewall region of hardened case showing untemvered martensite. Hardness

Ry 52-5k.
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Neg. #2981-1967

Mag: 500X

Figure 29
Head of hardened case showing untempered martensite.
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Figure 30 Neg. #2978-1967
Neck of tempered case.

carbides carried over from the original strip material.

27

Mag: 00X

Microstructure contains ferrite along with spheroidal

Hardness Ry, 64~65.
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Figure 31 Neg. #2980-1967 Mag: 500X
Body-shoulder junction of tempered case showing tempered martensite and ferrite. .
Hardness Rb 83~-95, z

R R T

: 5
b
, 3
— o P
, Ta S iy : 2
] - H
PR S 4 2
. - . .
: .. \r = :
DN 3

\"'-"‘J',': - ) ‘ ’
. o LA i s

AR s ¢

RO A
« NS, . i 7
1,6 A @

welsod S ,“ .
A % . .
T e R . H ¥
N AR #-4 ,
DGR 1 .

L A ad

>,
R F RN .’:'94' op:.k
'J("" N e % kb ¢ 5

N .
- A P
>3 :f!‘?‘.’::x‘-‘. o :;‘-".‘._"".\:' o :-;"’ ., ey '/‘.f.“: . :
R o . k
4 S0 s vl :‘_K’;Ar.g“_ :.?);':‘-'_ '.:' Rates .G\}.“;{‘ ._:',v,\’“{:; ‘
: il TR T S S-S R R 1
N ‘." e =T XN LN o TN T OB A .
PR o e D SR
o At e t‘-.\:\) LS \o\ N o

W,
P
]
;‘\
)
(%
~
»
.
3
v,
N
-
‘M
[
’,
&
K
*
g
[}
]
.

o
Y
LA

A
K
=

U
Ay
J

(o Y038 '5"m.;.'g!9,,.n_-";3{yl.‘: {v'vl;_,??_l X :-‘.Y"‘: PR ARR L ;). B0y

AMA XV} e > 4
EISR Y b 2 A RS g RN v . . v. . V-
a5 ’ - ol . R, \W “
2 30 :.;: o3 '4 4 cv’.‘:,('vm';x,f\?_' ™ -,.‘ri":'-;"f" “"‘:)‘. J:.:j“"" * ‘w 1 :
B (A S =8 TPl IR o S TP R i R R I P S oL,
P KOV Ay . ST A N .ﬁ‘.\-‘ PaTTECY LR ab/ - oA e - S |
‘.I" ’ r" LM Y) C YA \(‘; .";\’):’_)Vr:f‘w‘(.'._v.' ol S ‘.‘A‘A_, uf"'""f«‘ (NEALY; [ ," i \4’ & '(”J
e . :

. B H e R (e -~ .Y .-
-, "M""q” :%‘.‘ ,(f~‘..-\ PSR IS SO A A N N ) AR BREA U Y APRY W §, A "X'I"" -
Draicald 2 003 132 IR -2 307 IR AL S NN LIRS S APl | AT
e D P AN E A TN UGN S DI R S ) S VAR \:t;:,\"l_‘. Int

o
F ¥y
<

<
P

R PN

Figure 32 Neg. #2979-1967 Mag: 500X "
Mid-sidewall region of tempered case showing tempered mertensite. Hardness R, 26.
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Figure 33 Neg. #2977-1967 Mag: 500X
Head of tempered case showing tempmered martensite. Hardness Re 24-26.
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-, - PBOCESSING

This section summarizes, with a brief desc_riptid'p, each operation. performed to pro-
duccrheat treated steel cases according to TMP:305,. at the conclusion of pilot pro-

S ‘duction. )
K Procedurcs and- -equipment, specified are éurrent as of this writing. However equip-
A ! ment and process improvement studics are. continuing, particularly in the areas.of
E ' ~ extrusion, induction heat-treating,. iron phosphating, and-surface finishing. Eﬁorts i
N are being made to impréve both the-quality and efficiency of these operations, vthich ! :
] <4 at.present have not béen devéloped to the state necessary for:-continuous high-volume beo;
: : production. l "
Table 1T pres(,nts. in columnir form,. a process comparxson betwéen the Frankford ) e
. Arscnal heat treated.steel-case process, the former Frankford Arsenal and LCAAP P
steel case process, used from.1954 o 1960, and the present brass-case process used’ foo
by the GOCO plants. Identical operations; e.g., first draw, second draw, head, etc. s . :
. are aligned horizontaily. R B
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Blank and Cup - Blanking and cupping were performed at Frankford Arsenal for the
production of approximately 1, 200,000 7.62MM steel cases processed under TMP
301 and TMP 305. An additional 40, 000 cups were produced for fabrication into cold-
worked 7. 62MM steel cases. The cups used in both processes are identical.

N M By
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The press used for blanking and cupping was a Bliss #6 double acting press, equipped
with twin [lywheels, operating at approximately 90 strokes/min. The die set used
with this press contained five stations, allowing up to 5 cups to be formed by each
press stroke. A single blank and cup die was used at each station for completely
forming the cup; no sizing dic was employed.

AHP 24 »

Erhe o abroeldes

Blanking and cupping werce accomplished using oiled steel strip as received from the

steel supplier, without the benefit of a zinc phosphate coating. A trial run was per-

formed by wiping DuPont "Vydax' on the strip before blanking, which appeared to

lessen the force required for cupping, this approach was never fully exploited due to

the volatility of the Vydax solvent. It was felt that instcllation of the required ventil-

ation equipment would be too costly for the advantages gained. .
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Lubrication of the unphosphated strip proved to be 2 continuing problem to which a
completely satisiactory solution was never found. Lubioe 44, manufactured by G.
Whitfield Richards Company, pro sed to be the most effective coolant solution tried,
particularly when mixed with Lubri-Cool, manufactured by Lord Laboratories,
Detroit, Mich., in the amount of 1 pound of Lubri-Cool to 55 gallons of Lubro 44
solution. In production, a coolant concentration of 1 part Lubro 44 to 1-1/Z paris
water was found to be most satisfactory.
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Coolant solution was applicd to the tools using a pump-fed circulating system installed
on the press. Streams of lubricant were directed onto the top of the stripper plate to
achieve a puddling effect on the upper surface of the strip. In addition, streams of
lubricant were also directed onto the underside of the strip, between the strip and

the dic block. With both of these methods however, coolant-flow into the dies ceases
as the blarking punch brings the bottom surface of the strip into contact with the top i
surface of the die.

Voo

Duc to the lack of a sizing die, injection of coolant thru a lube ring located below the
hlank and cup dic was preciuded. Consideration was given to the use of jets to direct
lubricant upward into th: dic under pressure, but this was never attempted, due to
the high viscosity of the coolant solution which requires the use of relatively large-
diameter tubing to deliver a sufficient quantity of lubricant to the dies.

a—

Various coatings were applicd to the dics to reduce die pickup. Uncoated chrome-
plated dies were able to be run for approximately 1, 000 pieces before pickup reached
an intolerable lcvel. Rate of pichup was reduced with the use of manganese phosphated
dies coated with Surf-Cotc M1284, a matrix-bonded solid fiim Jubricant manufactured
by Hohman Plating and Manufacturing Company, Dayton, Ohie, use of this lubricant,
qualified under MIL-L-8937. cxtended the interval hetween polishings of dies to
approximately 8, 000 pieces.
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Die life, using a mixture of Ludro 44 and Lubri-Coo!, with usncoated dies manufac-
tured from FS-WI-10 or FS-WI-12 sieel, is estimated to be approximately 25, 600
pieces.

In an effort to determine the effects of zinc phosphate coating of the strip on blanking
and cupping, 32 strips, cach seven feet in length, were cut from a ceil of steel and
phosphate coated, these sinips, containing approaumately 4, 000 pieces, were processed
with comparative case - most prublems were el:nanated, and tool life and produciion
rate were increased. A process was also tried wherein partizlly-formed cups were
made from unphosphated strips. The partial forming was performed with a blank and
cup press w:thout ironing, minimizing the friction between the cup and cupping die.
The partially-formed cups were to be phosphated and lubed, ard final-formed on 2
modified first-draw press. The process was never carried to compleion due to tight
pilot production scheduling, but results appeared promising for further development.

\Wash ind Rust Prevent - Following the blank and cup operation, the cups were washed
to remove all traces of dirt and lubricant and thereby prevent the fermation of any
residue on the picces during annealingz. The rust preventi.e, consisting of a final
rinse in potassium dichromate solution, ratards rust formauon during short perivds
of storage, and does not require removal pricr to annealing.

Two metheds were usced to perform this operation, the first metked, which 1s prefer-
red, utiiizes 2 Baird mchinable-barrel rotary washer. The pieces are mniroduced

into the rotary barrel and rumbled without water {or with a slight amount, if cups
cantam dried lubricant) to remove any turrs produced at the blann and cup operation.
The tumbling action produced by the baffles within the biarrel removes the sharp edges
from the cups and facilitates fecding to the first-draw press. The bafiies .o the rotary
barrel of the washer are positioned such that rotation of the barrel in a clockiwise
direction permiis drainage of the solution, rotation 1n a cuuntercluckwise direction
retains the solution, both cleaning and rust preventive soluvons are added manuacis.

Tke scrond method of performing the wash-and-rust prevent operation utilizes a
Niagara washer, this methed lachs the rumbling action oi the Baird washer. Seversi
Ints of cups were processcd in this manner when the Baird washer was unavailabie,
but only as an emergency mcasure to mamntaun production schedules. No serious
dafficulties were encountered at first draw due to the presence of burrs on the cups.
Two advantages of the Niagara washer are its drying section, v hich aids o rust
prevention, and its relatively high speed.

The Niagara washer uses a4 rotating barrel uith an augur to transfer the picces from
ony solution te the next. The work is carried in the barrel above the solution surface,
scoups built into the external surface of the barrcel raise the solution into the barrel,
immcersing the pieces, the zolution drains back into the holdsng reservoir thru holes

in the barrel.
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Anmnea: for First Draw - la all lots of Leat treated cases, the cups were annealed ina

Lindberg furnace prior to first draw. The purpose of this anneal is to reform the
relatn ely -equiaxed grain structure present in the original steel strip, thereby in-
creasing the ductility of the material ar.d rendering 1t more suitable for additional
forming.

TAIP 391 required a hardness of Ry 48-35 on the outer sidewall 1/16" above the
junction of base and sidewall (nut 1/36" from inside base, 2s stated in the TMP),
during processing, st was discovered that the Lindberg furnace, using the maxixnum
Reating and covoling Limces avinlablie, would not deliver this hardness - the minimum
hardness obtainable was approximately Rp 59-62 at the specified position. Actuzlly,
this material wax probably incapable of being arncaled to Ry £5-55 by any conventional
annecaling cycle. Processing was satisfactory at this hardness, and TMP 393 sub-
scequently specified a slightly higher hardness of Rg 65 max.

The furnace used for anncaling was 2 3-zone rotary retort-type furnace utilizing 2

carbun moneaede atmosphere ts preveat vxidation of the components during heating

and cooling. The temperature within the retort 1s controiled by zones. entrance.

center. and discharge. Duning the annealing ey cele, zll zones were mainta:ned =t
320°F. Bue to keat loss thru the wall of the retort, the temperature of the picces

is maintiined at 12900F,

Phosphate Guat and Lubricate - Folluwing annealing, the pieces were cleaned, pickled,

zinc phosphated, and lubricated.

The machine used to perform this operation wis a 2-section, rotary-cylinder type
machine manufactured by N. Kansohoff, Ine. The various clearing and coating
solutions are maintained at the preoper iemperatures until ready for use, when they
are pumped into the first section of the rotary cylizder containing the work. TUpon
completion of the cleaning and zinc phosphating stages, the work is transferred to
the second scction of the rotary cylinder, containing the lubricant solution, by re-
versal of the dircction of rolation of the drum.

The first stage of the phosphate coat 2nd lubr.cate operation consists of 2 clean:ng
treaiment in alkaline solution to remove grease, oil and similar foreign matter. this
is followed by a hot water rinse.

A pickie stage follows, using hot sulfuric acid solutior to remove any oxidation and
scale formed during annealing, and to cteh the surface slightly to provide a suriace
te which the zine phosphate will adhere. Pickling 1s followed by a cold-water rinse.

The cinc-phosphate coating 1s the last operation performed in the first section of the
roiary drura. The coating used was Bonderite 160X, which is an adherent coating
uscd to retamn the lubricant film during subsequent forn.ing operations. A cold-water
rinse fellows the zinc phosphate application.

Following phosphating, the picces are transferred to the second section of the rotary
drum where the lubricant coating is applied, the lubricating compound used was
Bonderlube 235. The lubricant and the zine phosphate must be purchased from the
same manufacturer to assure compatibility between the two coatings.

First Draw - The first-draw operation was performed on the 2unealed cups using a
Bliss £62 duplex press with a 5-inch stroke. producing four pieces per stroke {2
picces cach side). As with all drawing operations, two dies, top and boitom, were
uscd to form the metai, these were used in conjunction with a muide ring and 2 stripper,
but no lube ring was used.
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Tha mackize used for hezding was a 63-fon horizoatal crant-and-toggle press mane-
fretured By Jarecki Machine Company, kaving 2 crark stroke of § 12" (pocket punchj,
2nd a woggle stroke of 7 7/5™ {eject sier). Feed was by means of a pin hopper; an
aclomatic kmocked device, actutited by a limii swiich ez the feed meckanism, siopped
e press in the event of a feed stoppage — this was recessary 19 prevert coatact
tedween the keafing purch and gject stem when no work Wz=s present in the die.

A 3-picoe Beading ponch was esed throsghout the program because of difficulties
cooriered 1 obtainiey ¥-piece penches, this method was focné-saiisEclory, 2likough
w-prodiccad x slizkt borr 2t the junction of primer gockes acd tead serface — this burr
sas schsogoently removed by the addition of & Cebarring stticn =1 the veing eperation.
For foione prodoctios, it is recommosded that T-plecie kEending punck: PT 1GSE) be
clslzzed, with the pilol siec madifted o Bt shoun on drawend SKFSS 212607 (6. 2951 -
OIS rmetesy. ’ ;
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VWash, fost -Prevestive Rexse. aod s - TRis oncershion is rdectical to the wash, rest
prTeslTe tinve, aod diy eperstion follonrrgy st rane,

o s
sal

T T T,

Blead Tom - The wackize covd to periens 15S o0reiicn wzs 3 sirgie-sp.odle bori-
. 2oc13) Bead-tum sackoe masafrcioned by Standard Keags, spnde speed of 2279 rpo.
' 2ol mochre speed of £9 Ipm $16 preces poT custe) were focod 1o Be rmes? satisfzetory ,
3 ‘ i prodoctzea. ] .
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: Tzl fufe 2w Bovaduze coctioned o By < probles:. althoezh imgrovertents rescited fromx
adiptson of the 40 mpen rasiicse spred 2od 2 ekregze to carbice tooling. Too! cowlnsy
and kfaucrinmg sene aocoeplusied By exerns of 2o atorizer &specses 3 orust o el
=t Grectly octo the sty tecd.  Lebaeosl carsol Be zopited prier tw the Bead-ture

; orperalon &s ik camses sicomReze bitwess IBE eompoaems and S oollet nsed o gnp
' 2 pieee.

o to she diffiewliles enoocziened 22 (Be Berd-tom operoiion, il uS revs o erdi

Rl aop flone Ceveloponerial wngdh on Beadd terzinz of steel cases Be merformmeden 2
Biack oci ruvensel tricn cockioe, thas mackize, Bavizg varshle - eed malsrs 2od
adustatlie fred o5 more wersalle whore Cevelonomerial werh is regrured 1o detercuze
opiizam spreds ad fends.

g e i . &) e

Ver: 208 Deburr - The veni-aoE-Ceurer eperziian for ke steel case was soparzted
frem the price operzlon «o order Rl ithe varmusd apniicd W ik Lo.sBed case wocld
oopietcly ooTer 2 case, oeiking ibe veniZoic. Vemimg st iiis siage also resalis
5 3 iz more selisiBstory goenching xi the cardeCiog (peTaticn.

Tie mackoe wsod ¥as 3 crash-zod-roaer, yerlical, streigii-lioe, ondendnve prirmer-
‘ smsert sacoce massivcinred by Walerary Farrel Foszdry 208 3actine Company. tbe
cackoe was Mliered Ba rermontl of staless. 1o erder a2t ooty B¢ borr. vess. 24
po-rest detoct fvociions wooid e perlommad,

e RN £33 70 401 7 wir iy

Varmus aciorsaise knockanl 608 K CS WOIT SOSTporalod o the mackine sctun, these
were as follows:
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a. At the barr st:mon 2 knockoll device was actusted in the event that & case faﬂed
R to fecd.into the macaine.

. b. At both the first-and-scoond ro-vent detect stations, 2-knockoif device was
actuated ia the event that a case was produced with no ventbole, an eccentric v
hole: or with forcign maticr in the pocket. -

As stated in the deseripison of the' easd operation, the berr siaticnancorporated b the
vent-and debarr operatioa may be clinunated when 2 1-prece hesding panch s wsed.

In the even® that a 1-s:ecd heading punch s used jn Rture prodectios, i s recommesded
thut 2 horizoatzl cranki, single-punch press manelfactored by Derbyshire Machmme
Company. bu ctilized @ purform the vent operation.  The Derbyskire machine ooerates
faster but is unabic v accummodate Loih the venting punch asd the éeburming gench.

Taaer xad Pluy - The Lgur-and-gloy egperstion was performed oo 2 verizeal dochle-
action crank press, Bhss model 162, The press chilizes 2 rotzrny iodexeng teble
to fead the picees to czch seceessive stsgze of the operzion.

TMP 301 and TP 303 snccificd & "oee 5Bot™ taper o nkich ool eze t2pering stanon
way wsed — thas, B siozes in 12c ope sxitoa cozsisted of moctharon, tzoer, and pleg.
The werk prodeced by this method was saisfecton . 2lEucgh oozsial survesiizoce 22d
fregueny cackize adiostrment were roguered to maztan duncostoaal euzlin and
frecdom from physical Gelvets.

Duginz processiay of TMP 363, a first-Isges station aos adfed aiiedh oozed the moctd
ol tks uzizpered case prios to Lozl tapericg, thas charge smnroied e qualty of werk
and redoced press daxstime.

Tie cocih-uroning operalon Ras ool wsed r a portes of the procclion. gartcularia
when the work coming o the 2per-and-olug 0por2lot cucizyed oo Cents o0 1Bt couth
area, boacver, it-1s rotesnoended, dud 10 tEe seriocssess of cech-2zd-sheuides area
dects and fdds, Bt the eweth-incniny oper=iion be ciflized.

With (ke processing of ol 68, coder THP 391, i5e bods znzenl, acd phospbate coqt
acd Ichriczic cpceratioas proceding jcr and plog Bad heen climirzted. Processg
of leis GG ikru 6d coastiluted effors (o clisganaice tBe anniliog eiuch azs oCcerrsy
ai tke Daper-and-nisz qmrx;m Prool tesiing of 13 6d, sofienting 2 oCess, stomed

thas the boad anmen? Bod pioddaocd 2 soll azen below the sbeowider 1o the opmer sewall
whick eid pol. possess sufliciont staengih to resist the taner.ng fonces besss 2pplied
1o ihe sboulder and neck, «nd was sshsamueriiy armiiusg. ah»s nas observed by re-
roving (e varsish oial fron. B epper sidowall of 2 szdit case after firzmg — the
wrinkles tbea bocan.e rexdaly sesible. This sar.c ietbod B2s useé 25 a vhook 03
processmny at e Lper-and-giug oncs -l o assure Ircudon {rom fuids wod wnusdles
in (be neck, shoclder, and upper-biody sreas. The czse (o be exarm.oed was rolzted
in a lappinz 1cad while fire emery-cloth aas Geld sgzinsd 8o zrezs o be exarized ~—
in tkis macner, indeziaines were-inu:cated by Lzdarmished 2reas.
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- It was disecverad it e cleznest possibie celside sorface prior 10 Baerisy prodeved
the most sausfrctory tapened case, st was for this re2son that e phoespiate coat 224
fcbricate oporation was elmmicated. The ooly ichricict esadwas 2 Yigh fiim of min-
eral cctiznz o:l apphied 21 a Izbricaticn stxlion 6o the press precedny the frst aper
stanon. 3 droo of coitiex 61l entrzoned between the tigering €es-2nd czse =il pro-
Cooe 2 dent, 23 wil? 2 builden o 3t or solid-files Inbriczst — tberefore, the 2oz
of o1l apnlsed ot e lubricziion statéon sHhoald be h-“:ed m b mintrmerm mecessery

W prevest Sic nw.sg, and schsogoes gaeRo) and soratcking ofwork,

Wask, Rust Prevesivee Bizse, asd Dy - ’I’.:::we. ucns’&..ue:.i 10 the waEsh, rest
preventive nicse, 2nd ¢y aneratica &ﬁ!mx:.g; farsz émaw.

ARG NS 33t A et s £
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Fraash Toum - The fimpsb-irion operatoos was i fast Yormuny a;er.::.w g;c—fn'!mf:d
th e case mamubicloning process. Tk smaxiize csed was a SiITgle-Sh.odlg vertical -
: tran machow mamuizatanid by Fodicldy Mackine Compung, Parnz on orercting speed
-y © ol 107 rpm, aof a coiler sondle spood of 2333 mos. '

EEEt A A § Pt 4

' Cacbude catings, wiecniscxi-to o c:ad for .03 Lress cxse processizg, were

1 esad throsshoul =~ ool lefe was satistictory for e ¢eamnges of cases prodoced,
- althoush cciter~desian ckzoges are-ncvvmmended oY precessizg of pradocion

1 guazities of steel cases. & smaller covert of metzl rs remeved from the stedd cxse
tE2n is vernoved frocm e brass case. thos extezdEny wol e sitzkbly.

RALIAUEE 8Tzttt Lt st stur
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¥

In gsing tbe Fielily oackine to perferes the fimsk-trnim operaticn. 12 was foosd
erteciardy acmpertest to greves? foed stoppazes which wouald allsu the fexnblic feed _
] tohe to Bovome ermply. When e tohe beearme exmpiy, tBe [2st piece fed to ike mackire, A 5
PR Eaciuny the dummsand foroe prodiced by the meight ef the preces iz tRe e, tecded ' c s
i Lo bounoe acad be Beld Bn the case segpsert 2l 2 posiiion Soornmsily close o the Bead of »

1 ihe C3Se. Cansing s shor&-a 2o Jemgib ) . -

St

T

THP
amsetsvadba s

AETE YN

Wash, (st Preveciave Bunse. and D - Tas opcrzlion is wgeriical to tBe wash, rust
preventive micse, 2308 dry opersdion followsng first drowe, -

.
X pidonnd

Vesaal Inspoct - 300, - Lpoa complct.on of forrinz andé kBeat-jrezticg operziions, 2l
cases were vase2ily imspoected 1667 fus the defects Listed in the Procecare for Contrel

of (a2lity {Soc appendiv).

1
)
Wit E A2

APV TSI e R

it

This inspectsoz s sanieally sdeniuei M B sasai-.osject operaiea folieainy varnish
cure.

AL 0 L] M o 4 10)

B mas fonnd thed o gt demushod-case inspection wa2s nol sufficient.so culi oot alk
Eefectives, pariicularly those Eavisg folds and wrickles occurring in fRe neck and
shouider. Siany of ibcse éefecis are dhscured by ize varnish coating.

d b
"

PG I o

i TP 29> hisis this operation folloming tormaerin;. Hosever, the oolor of the cases
| following: tenpenng obrscurcd (B defods doe 1o loss of surface relwLivity. Conse-
‘ quoenlly, visel inspoction was Ltor perforre.ed wiior to tenpening.
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Queach Barden - Hurdaess of the fimshed casé 1s achieved by means of an induction-
heating eyzlc followed by a mouth-Gown oriented gaenich 1 caustic soda solution.
High-frequency alternsung current is supplied to the induction coil by means of a
10, 0639 iz mowr-geaserator set.

Cascs w be kardened are (ed from four hoppers: thra flexible whes to an inverting
excckanism.  An ejeciion device czuses any cases fed to:the inverter upside down to
be rejected.  The inverter, by means of 2 "ferris wheel”, inverts the cases before
tnasfernng them nmouth-down to an indexiag table. The cases arce keld verticaily in
transiie ¢ase carricrs altxched to the imdexing table s they are passed transverse,y
between the coils of the fieating fixture by the rotation of the t=hle. )

The:magncte fteld prodeoud by the insbuction cal kifts the cases s:ighsly 1n the transite
bolders cxul they are stoged by 2 permanently -located sirip of nonmagrezic material —
thas positzoned, the head and sidenall of the case are located within the alternatiag

field, wnuch mises the temperatuze 1o appresintately 17000F, for 11 seconds. The

eech and shlder of the case protrode belor the cwl and ar¢ keated oaly by the weaker
ficld exisuny beloa tke coil aad by conduction from the hotter gorion of the case —

thas positioned, the kead and sideaall of the case 21 e Yocated within ke alternating
formatios to martenssie. resuling in lower kardnesse mn these 2reas {see "Metallorgy™
scection of this report). ‘
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Follsmng the beotizz cpele. & retaucer plate ander the transite carriers is Féfracied
and:{ke cascs. 2ssisted by 20 airblast, &il mosth-dowmaaxd into four tobes leading

to the caust:c guench soluiion, a a:re-mesh cozevur iken transfers the cuenched cases
from t&e quench soivzion nic a treck for farther processing.

i
'

s

S (e g0

Trw samarate sedexunz-table drines. bwoth 2ar-operated. acre tried &sring pilot pro-

Gucieo L stocl cases -- buth acre ojicrawed by o puesmaiic caliccer operzting thru

a Geneva: st =\'\}m linkaze located Beneath the indeang tadble, problems were-en-

cunicred wilksath of these drives.  ileat from the canmridze cases znd ke effect of

. ciemicals in the - v2ch soluton cassad fubricents to become iseffective, materidls
to corrode, and In Mon o inerease, reselisng in erratie sperziton.and iszconrate

: msitiening of the imuxiag iable.

NN AL E'F.t!}' ErAiES T

At the aresent time, an wlceinic drive s bemng installed but kas pot 2 yvet been tesied.
prive 1s by meaas of an o =cfrc molur 25d 2 positsve-siop trassmission located above
tiw undexanz table. awuy fiam Gueat 2nd chemicals. Motor =nced is continsoasly vari-~
able by measns of an SCR circuii. 3 magoetic cluick conrecis the eleciric molor to the
transmission, providing instant stari-znd-siop capzbility.

]'l}. KEiamd Foaae: PR G AR TR
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A simulated firing test uas pecformad in which 30 steel ases amproferdy heat ireated
ticad doan, rather than mouth (oan, wcere assembled (nto cariciczes acé fired in an
M7 machincgun.  Despite effosds and contruls lu-assurc proper positioniag, it was

recognized that amproper head trcaimunt such as tRis was 2 possibility. Case casuzl-
tics ncluded two stoppazes, 10 bloan primers, 70 larze prig.er leahs, angG .o small
I-splits, ali of which wene altribuicé to the suft beads. and excess.veiy Bard mouths
and necks which resuited.
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tlime pericd for storage prior to the temper operation is two-hours.maximum. ‘During

_ to perform the quench harden; wash, rust preventive rinse, and dry; and temper op-

_ hardened in-the afternoon wére:tempered before noon the following. day.

Yeash, Rust.Preventive Rinse. and Dy - This operation is identical to-the wash, rust

Tim Enrdmcd-and-qt.encs red case haréness. ]

Due to the extreme hardness produced by the quench-harden operation, itis- inadvisa-
‘hle to storc the cases lorger than necessary following this operation.. Recommended

a-single=shift prcduction schedule, as followed in pilot production, it was found difficult

crations within one S-hour shift. Thus, the following time schedule was substituted:
all eases quench hardenced before noon were iempered the same day; all cases guench

preventive:rinse, and dry operation following first draw.

Temper ~ The tempering operation is performed en a batch-basis in ar electric furnace
kavisg a rceirculating arr atmospherc.  The mterior of the furnace is r‘*xscd i0 500"1-‘
and the work is. n.smmmeu at teaviemperature for 75 minutes.

Durmg devclupment, scveral differeni temperieg umes ané temper2iures werR iried
before the above was adopted. TMP 391 iot 66 was tempered at S009F for 75 minutes.
TMP 303 lats 2-5 and 7-5 were tempered at S50°F for 75 minutes in order that the
sudewall Bardaess could boe reduced 2o woincide » ith the desired gradieni. With pro-
Cessing.of TMP %05 It 9, tempering was again performed-at §869F, for 75 minutes,
since the casc mouth was becomng excessively soft. Final case heréness is deter-
‘mined betb by the guench-harden ogemlion' and by the temper operatien. Thus,
adpusiments i iempering ume 2nd/or iemperature maj be reguired to-meetthe

~ recommended finished-case bandness gradient, depeading on:loi-to-lot varztions

[

Ircn P‘w.—.p‘m&c - TEe aron phosphatin,, operation, consisting of several separate
operatians utilizingy a ser.cs of tunks, was perfermed to cleae ané esch the cases and
provide a Bese upon which e apply the vernish coating.

The pieces were placed in a rotanng porforated nyloa barrel suspended from a hoist,
such that the bareel cosld be smmersad 1n cach solution t2nk for the reguired iime
interval and then withdreun.

‘It ss partreslarcly importan: that utmost carc be iaken 0 assure sziisfzciory results at
‘this stage of processinz duc 10 the ruad for adequate corrosion proiecticn of the fisished

case, poor tron phosphzte application precludes proper varaishing.

Specificatiion
TT-C-00490a (Army MR) shouid be consulied for test procecures. ’

The appezrance of Bk iron phosphate aating Ceposits must be coutinuoss. and the
coatnz must be unifurm m iextsre ard cvenly deposiied.  The coating must be goldea
vellox to.parple 1a color. There shall be no smut, powder, corrosion products, or
white stains due to dried phosphaling solutions.
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E Varnish - Varnishing was performéd using a centrifuge-type varnishing machine, F '
S manufactured by Ronei. In operation, the iron-phosphated cases are placed’in
o varnishing ranks which are-inserted onec at a time :nto the varnish machine. The i
£ . cases-are first immersed in varnish for approximately one minute, and are then spun, I 3

' & for approximately one minute to removeexce. : vartash. The varnish-removed drains
back to the varnish-reserveir in the machine.

E The phenolic vatrnish used 1s purchased in accordance with MIL-V-12276. Type ilI,
. Class B. Varnish viscosity-at . room iemperature must be 26 to 50 seconds, Zahn
%2 cap, for proper application.

E 4 Because of the amount of i and faber invoived 1n applying the varaish using the
Rancr machine, a-large-capacsty production type machme was designed and procured
in 1960 to perform the varmshing and curing operations on a continuous basis. The
machipe utilszed a serics of pina which were icaded manually and conveyed the cases ]
through varnish, drain, cure, and eject stations. Provisions were 2130 made for

. Stripping the excess varnish from the conveyor pins.prior to reloading.

/.

: ) The mackine was tested using samplc cases.  Varnish application wis sat:sfactory,
3 3 although-stripping of cured varmsh froi the conveyor pins-wuulé not be accompl:shed ;
: sausizetorily. Use of the machine was conscguently discontinzed. ;

pladasac ais e

Vamish Curc - The varmshed cases are allowed to dry following vamushing ontil ;

3 the varnish has air driedto some degree.  The racked cases are then swheeled inie ]
y. a Gearich ovenawhere 1kes are cuned st 2737F o 400°F (meial {omperatere, Sora '

- minimum of 20 nunuics. Total tame :a the oven 1. 3010 35 munuices, sacluding the
3 ) time reguired for the oven 10 veach operating temoemtere.

[

The color of the cured cases was used as a genera! eheck-onthe varnish curing opera-
ttet.  Properly-cured eases were unsfurmly dara green inappearance. & gra)y appear-
ance indicated incompicte cunng, dari brown inéicated excessivels mgh-curing tem-
perature —- both of these latter conditions should be 2voided.

The following test was devised to chech for complcie curing: Three cascs from the

. balch to be tested were uumersed a6 avcionc pgurchased i; accoréance waikh Feceral
Snccification Q-A-51, for a penod of live nanutes. On remova. irom the acetone, '
the samale cases were rubboed vigorously wiih the thumb, hang, or suitabic wiping -
material. and visually inspected for ovwence of lifting, blisier.ng. or sofieming of
the varzish. In the event that the saaple cases failed &0 . .s5 the acetonc immersion
test, the group of cases was returned to the oven for additional curing.

O

. Varmsh thichness, as specified by drawing DX 10532452, 18 9. 0662 to 0. 00402”. Varmsh
titchacss 1s measured in accoréance with Specrcation TT-C~63490 (Army MRB). Salt
spray-tests were performed on all 19ts of heat treated cases. The test method was as
greseribed by Federal Test Meth d Siandard 141a, Method 6661, iisnever, reporied “
results of sait spray testing conveyed little usefui data, primaraly Jue o lach of ade-
quate dirzction necded for meaningfu. wvaluation of resuits. To «iainalc tesy results

=% 4
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properly and to assuré.reproducibifaty 1n the feture, the following guidance is offered:

a. Twenly cartridzes are exposed to 20% szl spray for 24 Hoers.

b, The specimens shalbbe posittoncd mn the chamber at 2» angle of 150 from the
wertical with the:-bullet uppermost.

c. The significant surface shall be thut surface Iying 609 to either s:ide of the
veriical, i.c.. the upper 173 of tne circumlecence.

d. ‘The suecimens shal! not be scored as sutod in para 3.4. 2 of method 6061 of
Federl Test Method Stand:nd No. 141, )

¢. The speamens shalb.hic riased acd drivd to remove corrosion products and
sull, das stated i parac i, 3 of micthod 6uGl, helare exammation.

. After prejaratnion bor cxanunaten, sypnificant surfzces of the earirudye shall
skow ro signs of corrosion, pitting, or rusting. However, rust within /32 of 20y
cdses, or on any surface rol rogurrin: coatisg sk2il be permitted.

VesualInspect - 57, - This snspeclen 1S SnLar to the 16¥, visual-inspect ojeration
preceding quench hardenans. At thes aispection, both-formeng znd coating Iefects are
culled out. Some types of defeets become more ceadsiy visthle 2t this operation, dee
to the increased reflcetivity of the-case surface.

It was found difitcult to detect foids, Jdraw scrztches, dents, and wrinhles with simsls
a ursuai inspuction as-ased Bila smal: caliber brass cases.  The sceriousticss of these
Celfeets is inereased wilh the usc of stoecd -- it thus becomes pariicaiariy important
that ali of these defectives Be removad. 1t as:important that mmspectors be-traned in
advance to recognize and soparate cises contamnsn, oven the slightest defects, that

of inspeection machinces and all other niechines through which varnished cases pass
should be kept as clean as possible, it was no.ed that inspection-machine paddie hoppers
which contained a build up of dust and nonainerent zinc phosphate irom the inspection
operatioa preceding quencht harden, scverely scratched the varnish coating on the
cases.

Prime - Primer nseriion was perfocnied using a Waterbury Farrel primer msert
machine identicul to that esced for the vent and deburr operaiion, with the vent and
dcburr stations removed. The two no-vent deicct stations aere used at both the vent
and deburr. and primce opurations, while these stations werce rot entirely necessary -at
this stage of processing, theys were inciuded to climinate the possibiity of occurrence
of this scrious defect. In tae cvent thit the Derbyshire venting machine, not having
no-vent detect stations is ased, these stations must be operational at priming.

[31)
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At-tbe priming operdticr, (usipg the Waiertury Farrel vent-and-deburr press),
foliowing functions are performed:

a. No-case detect - an :m!onuuc knoci.off device.is actuated when 2 case is ommed
swppmg the machise.

b. Spread mouth - the mouth and neek of the case are strzightened to facifiate
bullet insertion. - '

c. No-vent d2tcei No. ! and 2 < an astomatic kaotkofl:device is acleated:when 2
missing veathole or-foreizn matier is detested in the pocket at either of these wo
stations,

. d. Insert and scat primer = =:the. prum.r, ‘fed in by « conveyor, is raserted inio the
- case to the proper depth.

c. lnvcszd and mi-primcrdciect - in case of an inverted or mussing primer, an
escapement is astomaticaliy opened-to-allow the case to drop :nto 2. reject contamer.

f. Crimp - the metal immediately

surrcunding the primer 1s circuelariy crimged
16 retainithie primer-in the pocket.

o

. Waterproof mouth and primer - waterproofing compound is appited to the case
mouth b means of a plunger, and to the space beiween the primer and the pocket.
Belore cartridge assembly, the mouth waterproofing should be allowed to dry for a
period of not less that two hours, nor greater than two days. This time limit was
imposed as a result of vacuum tests which indicated 2 high mcidence of waterproofing
failires caused by insvificient or excessive drying periods.

* PROOF TESTING :

Simulated accepiar we testing was performed on sl fols of cartridges produced under
- TMP 305. Seleeted tests were performeid on TP 501 lots 4, <A, and 6D. Testing
was performed according to AMCR 715-505 "Ammunition Ballistic Acceptance Test
. Methids, Vol 3: Test Procedures for 7. 62MM Cuartridges™ dated Feb 64.  Specifica-

tions MiL-C-16281C (MU}, dated 1 May 65, and MIL-C-46931B (21U), dated1 3ay 65 !
were used for evaluation of tracer and ball ammunition, respectively.

Briefly, thé acceptance tests fired and the requirements of the tests are as follows:

-‘\ccur'u-y - mear radit of 90 cartridges fired at ambicnt temperature and at 6G0-
yard range shall not excced 5. 0 inches for ball ammunition packed n cartons or clips,
7.5 inches for ball ammunitien packed in links, or 15.0 inches for tracer ammunition.
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Velocity - average velocity of 20 cartridges conditioned at 650 < 72C F, shall be
27502 20 fps. Average velocily of 20-cariridges subjected to high or low tempera-
tures shall not vary from the averzge-velociiy of the same fot. oondxhoned at 680 -

729 F, by morg that+230 fps, nor more than -150:§ps. - L ¥

Chamber Pressure - average chamber pressure of 20 c:ifj.ri@ges conditioned st
63° - 720 F, shall/not excied 30, 000-psi1. Average chimber pressure of 20 cartridges
subjersted to high o fow temperatures shall not exceed'53, 060 psi, :noxr exceed the £
average chamber pressure of the same lot.conditiened at 65¢ - 720 F, by more ﬁxan £ 5
W7, "50{3 psi, nor moretnan -15 000 psi. S

Port Pressurc -~ aversige port.preasure of ‘70 ‘.anrzd;,cs conditioned at 650 - 720°F, 1
shall be 12,500 1 2, 600 psi. - 5.
- L‘Ti
Action Tuue = .‘l\'m‘:lg(:::xclinn titwe of 50 cartridges fired at 787 - 20 F, shall not
exceed 4 milthiscoonds, L e
T s = saa of a-sample of 200 tracer cariridges fired &t ambient temnperature
R r—— <
must function according to speciiication, c b A4
Vicuum - 59 cartridges are anmersed 1o wates 1 2 contziner which-is evacuated .
te- 7-1/2 psi below atmuespheric pressure. -Data given in‘table V lists the number of [
hopkng cartridges of a sample of 50, 1n the event that a re-test was performed, the s
takie lists the numwber of leakiag cartridges of a sample of 100. B
Ballet Pull - the foree regusred to extract the buliet from the case shall not be ) ) 3
lese than 69 painds. Averages listed are for 10 cartridues. . ; 2
: : e A
Punction and (,asu.xlt) - gquantitics of cariridzes fired in ci:ch weapon, at each :
tempecatere, are listed below: 3
- Temp OFy -
: | 2
Weapen 470 +125 1160 -65 ] 1 3
—_— 7 - ;3
M80 100 50 50 106 F
AIH2 500 50 50 io0
M4 120 40 T 40 50 43
G " 120 40 40 80
LAR 126 44 40 50 ;
LIAd 120 40 40C 80 R 4
M3 1600 50 50 100 ;
Firing in the M73 madtunegun s nol sequirad by speciiication and was performed for . | :
information only.
E
Permissible quantities of the defects shown in the tables are as foliows,
34
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Nl @90 : i
. ' i -
. + RVF] =z 7 e i e <
3237 F ¢ - ) =190 4 e re
) - 537 | —_ = 2555 ¢ 2w 3
: . Tl Poosswre (355 * Vo . .
1 = Ty 5= 100 i $3,32G T 2.2 . . 3
g +#25%F] 9500 ; 24,39 R % |
» - 6395 9. 250 1 £2, 500 s s B :
. Brller pull Goonedsy. ! 215 g ‘ i s ]
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CONCLUSIORS

< sz resall of the 7. 620X sicTl-sse (proteet S SIOVErerl progrars, 2 prosess bus
Yuve establizted a=d ene militon stodd cases Bave been smvabactond 2nd sulmitied '
Lo BT STL

: it SefeTrmadnings of W soovess of Siune of (8 progras: Qepesds ot E7 3%
’ Tesulis zod THCOM noorexoendainon mgmn‘sz:g stzrCardralea.

Tie epanest wsed for sfocl case prsisetion is, i same instzmres sceh as ket
tresiamy ad varrash eanlinston, ool safisSeiory Hr mass prodocios. In e evesd

tkag o c&:a:;«.w«ov-r Bivorses oesessary frem brass to sieei-case grodceisn, hese
ancas will reouine Sortder denclopmment.

X Now eoctibods xod sareonts for mommindiure ef & bodter—oxils, lower-cost stecl efz¢
) 2re bermy iovestinuted,  Prosectls coadireay 2k stofies of cxtrusion frox bar lace,
ool wesking i ficw of Bent treaticg, dod aolomated ouc-desinoctive teslong 10 €t
20¢ S ervor dorisg Bl iospeclins.  Joraddilion, stalics o steei—CRi¢ Govelon-
= -0 el o otk r sl s ane Coslnnmins.

-

o RECOMMNESDATIONS

v rerdsiioss reganding the fafurce of 7. 623531 begt~iresied steel case develop-
. Zrort d smend spee ET/SE resalis.  Io the evest sl tipe classificztons 2as STD S s
recnm peRted, the process will be shelved follssing standardization, for possible
 Rufcre sse in the ovent ikni copper becomes unavaiizhle.

Loz itaid o

et

I sizndirdization is fet recommonded, TECO3S fest resulis %l be revieasd o
deiermine problem arcas and ikeir possibic causes. If 2 is determeted that sausfze-
tory performznce can e obizired with litle additional effort, it is recommended

i apgropriaie measures be token io correct the deficiencies. 3 it is determined
thal correction of deficicncics would require muck additional development. siss
recomneaded that the precess by shetved along with decumentation 1nd.cating ihe ieved
of performance oltained and suguestions for nocessary modifications to the process
in the event that change-over (o steel case predociion becomes necessary and’'or
ceonomically feasibie.
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i APPENDIX & o
i TME 301
f S'e:m r& oF Cesc Lods
5 Bz~ WEx Pmcwss Used ) -
: 1 £.000 Copood bruta LC s ’ i ) e
3 3.T9wash, FuS PResertive IitSE. Sms uly s e,
e 120 teniper 1o fxle mace withis two howrs 2izer 1L.2< z::::nien, -
. Gantity remainzr oo snall 1o proad tést. ] .
2 Coygredd froem LC sirip - -discortizued = o problems 2t Blask and cop. 53
: 3 " Cupped from LC sivip - discomticmed Jue o proflems s Blark and cop. 1
2 5.9 Copoed frech Ist coil of Repsblis sieel ) LT
. Bardsess afier 1.2 anneal 39-62 Ry ) . O
) iardeess after 1.7 anmeal 53-33Rp T i
s Wall shickness ai 1.5 first drew measured oz 0. 457 A
) Deburring punch FE 56637 teed 21 322 vem 2nd delarr. o ]
. Phosphaie coal only at .23 phospiaie coat and Inbricate. 7
Mineral o} used at .25 tager and plug, and 333 retager and reph:g. ]
1.17 phosphate coal 2nd lubricate. 2nd 132 mouth- zzg! zeck anneal 53
climirated. - i
C = Allerixte (oolingusedat 1. 15 irim. 3. 2% taper god plug, 2od 1253 : :
o . rciaper and repluxy. - : ) 2
= ) 1.27 wash. rust preventive rinse. ané dry clummzed. L
- 1.39 varaish performed onRezei machine. Immersientime Z:misn.
cenirifuge time 2 1/2 min. varnish viscosiiy 25 sec - Zaha No.2 i
cup. Cured 400° ¥, for 30 min. h ;
N , 4a  2.500 Taken from 25, C00-picce. iot 4 Lo 3
o . 1. 30 {cmper at $75° ¥ ]
& Casc casualties in funetion and éasualty testing. ) <
;5, 3 20.000 Cupped.from 2d coil of Republic steel . . ;
- Suspended during processing of Tot 6a - d. :
6 19:000 Divided into lots 6a to Gd.
- Cupped from 3d coil of Rep}xblic sicel
6a 2,000 ‘Taken from 19, 000-picce, lot.6..

Intended for processing same as lot 4a. until poor results were
encountered in proof tesfing.  Not,processed.
6bh  2:000 Entire head turned piece annealed at 13409 T, in:lieu of body anneal,
Suspended in favor of lot-6d process.

* Numbers refer to operations in TMP 301, Appendix D
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APPEXDIN. A (cor) "TAP 2el” Summdry of Case Lots
| Gty

o-

-Cupped from 5ih coii of Repaeilie sicel.

Process Used ) o

Processed as fot 3. bl uhilizeg . £455™ ody t2pering cieinstead
of (E350.  Suspendad v fxvor of 1066 process

Provessed as Tot 4, B withiel 5. 27 body arseal and 1. 22 pSospiate coal.
Gave satisfaclory DCACELS 30 prood tesiing,

Cuppedl §roca 416 6! of Repubhic steel.  Scspende’? afier fot:&d ind-
cated suocess. ’ ) ’

Suspesdes afier ot 64 inki-
caled SuCeess. -

Cupged froen 615 cosl o3 Repabiic sleel.
ilaniered ard feranered prior to Ghard draw -
Suspembed ziler Tot Vel irolicilr=t suooess,

Canposesd of cens Frars Tads 2 - U, Envesg exesssive watl varstion,
Srspended- aficrte e iodicaied scecess.
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APPENDIX B
TP 305
Summary oi Carlridgc Lois
L &y Tipe Date Accepted
EAN-SII0S T7.720 Tracer 31-Oct 67
FAX-S3103 - 9%, 850 Ball "~ 7 Nov 67
FAX=S2106 »7.040 Rall 16.Nov 67
FAX-S2207 92,400 Bajl 17 Nov 67
FAR-S3111 1. 160 Balt 5-Dec 67
FAN-S3113 53,600 Bali 22 Jan 68
FAX-S3114 97.260 Bl 31 Jax63
FAN-S3i15 125,440 Ball S Feéb 63
FAN-S3116 $5.450 Tracer € reb 68
FAN-S3127 161,200 Tracer 23 Apr 68
FAX-53125 112,160 Ball 16 May 65
Functionzl Cartcidze Lots 5 i
, , Qe Composed of S, o
FAXL -S- 3198 $1,6G00 3165 ‘511‘]: 1 - 65, 280 _ .
: 104 Tracer 16.320 i
FAXL -S- 3109 108, 500 2106 Ball 57,030 ]
2104 Tracer :21,760- A 3
FAXL -S- 3110 499, 200 3107 Ball 79,360 o
: 3104 Fracer 19,840 % 4
¢ 3
FAXL.-S* 3112 40.500 31131 Ball 32,640 3
3194 Tracer §,160 . E
FAXL -5= 317 is.400. 3113 Ball 12,720 N
3104 ‘Fracer 3,650 L
FAXL -S- 3118 121.600 2114 Ball  97.250 i
= 3116 Tracer 24,320 L
;
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APPENDIX D )

Vg -

FRANKFORD ARSEXA g
) SMALL CALIBER ENGINEERING DIRECTORATE - g

ENGINEERING DIVISION TMP 301-7.62cm
Project Enginser: Walter Weis, G220, Ext. £133%

Project Coordinators: P, Bertino, U4100, Ezz. 22251
S. White, U4100, E=t. 22251

Subject: Case, Cartridge, Steel, 7.6Zmm FATIE4,
Establish Manufacturing Process

Requirements and Instructious: C
Industrial Services Directorate, XL00O

- 1. Purchase sufficient steel strip (phosphate coated and lubriczted
preferred) in accordance with Specification MIL-S-645 having 2 carbon con-
tent of 0.22 to 0,28 percent and a thickness of (.150" / 2.006" to produce
150,000 cups. Process tha cups in 25,000 lot samples whea reguested by
Project Coordinators through the following sequence of operatioms, using che
tools, inspection limits, hardness cortrols and solutions listed. Identify

: each sample lot in sequeuce beginning with TMP No. 301-7.62m=m, Lot 1.
’ Strip width 5,125 £ 0.010.

; 1.1 Blank & Cup

; Press: crank, vertical, double action - Bliss No., 6
f Tools: Blanking punch SKFSA 11205 Rev. A
Cupping punch SKFSA 11206
Blank & cup die SKFSA 11207 Rev. B
Stripper SKFSA 11208
Stripper spring PT-1006
Gages & limits: SKFSA 9863 - outside diam. - 0,694-0,700 i
SKFSA 9864 - base thick. - 0,150-0.156
SKFSA 9865 - wall thick. 0,180 from inside
base -0,107-0.117
wall thick, var. 0.180 from
inside base~0.004 max.
wall height var.-0.035 max.
weight-194 grs. (approx.)
Solutien: 1 1/2 parts water to 1 part Lubro #44 or
4 parts water to 1 part Warco #1673 ’
Hardness: 1/16" from inside basc-Ry 80 to 86 :
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1.3

i.5

i.6

Wash
Barvel: ztal, rotary, inciinable, Baird.
Solution: Hor vater, & cups tri-scdius pnosphate; wash
for 1/2 hour; Rust prevencive: potassiucz
Jdichracate zdcded to £inal rimse.
Auneal
Furnace: Lindberg, atwosphere controlicc

Hardness: 1/16" from inside base - Rp 48-33

Prosphaze coat & lubricate

Machine:

First Drav

Press:
Tools:

Gages & Limits:

Ransocatic unit

crank, vertical, duplex - Bliss ho. 62

Punch PT 1291
Guide ring FE 52210
Top die PTIC 1982
ttoa die PiC 1983
Scripper PT 129458

-

Stripper holder PT 1035
Scripper spring PT i0U6

SKFSA 9867 - wall thick.

0.500 fron inside base 0.058-0.062

wall thick, var.

0.500 from inside base G.004 max.

Soluticn: & parfs water to 1 part Warco #1673
Hardress: 1/16" froz imside base - Ry 80 o 86

Wash, Rust Preventive Rinse & Dry

Hacher:

Solution:
Rust Preventivc:

Niagara

water

73

SKFSA 9866 - outside diax. 0.595-0,600
FB 36261 - base thick. 0.15G-0.158

9.5 1bs. of Penasalt to 200 gals. of water
3 oz. of potassium dichromate added to rimse
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1.7 Anneal:

Purnace: Lindberg, atmospherc controlled
Hardness: 1/16" from inside base Ry 48 to 55

1.8 Phosphate Coat & Lubricate
- Machine: Hansomatic Unit
1.9 Second Draw

Press: ecrank, vertical, single action - Bliss No, 304

Tools: Punch PT 1901
. : Guide ring FB 52211
Top die PTC 1902
. Lub. ring SKFSA 10768
Bottom die PTC 121A
: Stripper PT 1003D

Stripper holder PT 1005B
Stripper spring PT 1006
Gages & Limits:
B 36052 - outside diam, 0,516-0.519
SXFSA 9873 -~ base thick. 0,155-0,165
SKFSA 9874 - wall thick.
1/4" from inside base 0,039-0,045
wall thick. var.
1/4Y from inside base 0,005 max.
wall thick,
1 1/8" from inside base 0.020-0.025
wall thick, var,
1 1/8 from inside base 0,003 max,
Solution: & parts water to 1 part Warco #1673
Hardness: 1/16" from inside base Ry 81 to 86

1.10 Wash, Rust Preventive Rinse & Dry

Washer: Niagara

. water
1.1i1 Anneal

Furnace: Lindberg, atmosphere controlled
Hardness: 1/16" from inside base Ry 48 to 55

74

e

Solution: 9.5 lbs, of Pennsalt #30 to 200 gals. of water
Rust Preventive: 3 oz, of potassium dichromate added to rinse
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:: 1.12 phosphate Coat & Lubricate ;%
4 R >
Machine: Ransomatic unit x
1.13 Third Draw . é
Pres¢: crank, vertical, single action - Bliss No. 304 %5
Tools: Punch FB 52212 &
Guide ring SKFSA 10770 QJ
Top die PTC 131A *
Bottom die PIC 132B P
Stripper PT 1004E
Stripper holder PT 1005B by
Stripper spring 2T 1006 )
Gages & Limits:
FB 17480 - outside diam. 0.463v-0,4642
FB 22303 ~ base thick, .
FB 23471 - wall thick,
1/4% from inside base 0.035-0,042
wall thick, var,
1/4" from inside base 0,006 max,
FB 23471 - wall thick,
1.70 from inside base 0,0095~0,0125
wall thick. var,
1,70 from inside base 0,002 max,
Solution: 4 parts water to 1 part Warco #1673
Hardness: 1/16" from inside base RB 73 to 79
1,14 Wash, Rust Preventive Rinse & Dry ,
Washer: Niagara )
Solution: 9.5 1bs. of Pennsalt #30 to 200 gals, of water
Rust Preventive: 3 oz. potassium dichromate added to rinse water
1.15 Trim:
Machine: horizontal, single spindle
Tools: Cutter PT 126A
Spindle PT 1904
Sleeve PT 1907
Stripper ring PT 138
Nut PT 1906
Burring cutter PT 1905 X
Spring PT 1971 ;
Gages & Limits: . ;
SKF3A 9871 - inside length 1,840-1,860 :
%
|
!
]
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.16 Sort » -
Inspection Belt
1,17 Phosphate Coat & Lubricate R

Machine - Ransomatic unit

1,18 Head

Press: hsrizontal toggle & crank
Tools: Die PT 146E
Eject sten PT 142C
Punch (1 pc.) PT 10383 (Modify pilct to size shown on .
’ SKESA 11277) ]
. ) Punch (2 pc.) SKFSA 11277 !
Punch holder SKFSA 112786
Gages & Limits:
FB 22321 - outside diam. 0.4655~0,4670
SKFSA 9869 - pocket diam., 0.2077-0,2082
FB 22323 - pocket depth G,1265-0,1305
FB 22303 - web thickness 0.052-0,062

i D i i i

] FR 23482 - pocket concentricity 0,003 cax,

5 FB 23380 - head crookedness 0,004 max. <
1.19 Wash, Rust Preventive Rinse & Dy

%

E Washer: Niagara

3 Solution: 9.5 1bs. of Penmsait #30 to 200 gals. of water

Rust Preventive: 3 oz, potassium dichvomate added to rimse water

1.20 Head Turn

Machine: horizontal single spindle

Tools: Coliet PT 10088
Spring PT 1009
Form tool FB 52213
Gages & limits:
FC 2884 - head diam, 0.467-0,471
FC 2927 - head thick. 0,048-0.053

FC 2884 - ext. groove diam, 0,403-0,497 ;

gy &
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1.3 Yexr & Dedwrr

¥rzlioer: W E.F. Primer Insert

Tociys Bzr
P PT 1635
Stem T3 1S53E3
Yexr
Feors Boller T 13tz
Pumch T8 36374
Pie T8 384575
Stam F2 35%76
st Wa. West Detect
Bolder PT 17Es
Chlanp g =2
Stam BF 1778
Detect Pim PT E78

208 No. Wt Decect - saze 23 Est No, Tent Detect

Srges & Eimics:
SEESE S883 - iz, of went Bole 0.978-0.382

FEoze: Qreration zod tonls meoricoxd ghowe: gre 0o De wsed wlen WO
pleve bezding pox-n fis vsed a2t bezdi-g cperactfon. If oze
piece kezdisg pooch fs orfiirzed, the Derbyshire vanting
mechine stzli Be wgads. Tools for this cperation to te estad-
TR g Pt

1.22 Body Acmexl

Mechime: gas (fzduction preferred - meguireg fevelogment
for zprlicarion in Phgse IE)
Ezrdaness: Racioell IST {s=cticned casa)

distzoce frem moath bBzréness
r/8" 7%-83
/2= 79-83
3/4™ 79-83
7Is" 52 zim

1.23 Trhosphare Cezat & Lxkricate

¥achine: Ransomatic Uair

77
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1,24 Taper & Plug
Press: vertical, double action, crank - Bliss No, 152
Tools: Mouth ironing punch T 7342
Mouth ironing die PT 1000
Mouth ironing spring PT 1012
Shoulder die PIC 19212
Body die PTC 1989
Eject stem PT 1918
- Plug punch PT 159A
Gages & Linmits:
FB 23520 - »profile of body
SXFSA 9870 - mouth diam. 0,3078-0,3085
FB 23522 - 1length; head to shoulder 1,6295-1,6325
FB 23460 - neck diam. 0.3413-0.3433
Lubricant: 1lard oil {if necessary)

1.25 Wash, Rust Preventive Wash & Dry

Washer:
Solution:

Rust Preventive:

1.26 Finish Trim

Hachine:
Tools:

Niagara

9.5 1bs. of Pennsalt #30 to 200 gals. of water

water

3 oz. of potassivm dichromate added to rinse

vertical, single spindle

Cuttex

Cutter holder
Support Cover
Retainer Seat
Case Support
Cutter Clamp

Gages & Limits:
FB 23526 - total length 2.,0003-2.0093

PTC 1010B
PT 1C1lB
PT 1011B
PT 1923
T 7242
PT 1015A

1,27 Wash, Rust Preventive Rinse & Dry

Washer-
Solution:

Niagara
9,5 1bs. of Pennsalc #30 to 200 gals. of water

Rust Preventive:
water

3 oz, of potassium dichromate added to rinse

78
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L.28 Harden

Machine: Westinghouse induction unit
- Hardness: 1/16 above extractor groove = Ry 42-50

Temperature: 1650°F £ 1C°F
Quench Solution: Caustic Soda 6% £ 0,5%
Quench Solution Temp: 60°F £ 5°F

1.29 Same as Operation #1,27

1.30 Temper
Jurnace: Lindberg electric recirculating air
Temperature: 800°F £ 10°F for 75 minutes
Hardmess: 1/16 above extractor groove - Rc 22 to 28

1.31 Pickle & Rimse
Machine: Blakeslee pickling unit

1.32 Wash, Rush Preventive Rinse & Dry
Washer: Niagara
Solutioas:. 9.5 1bs. of Pennsalt #30 to 200 gals. of water
Rust Preventive: 3 oz. of potassium dichromate added to rinmse

water
1,33 Mouth & Neck Anneal

Machine: horizontal straight-line twin screw conveyor, gas
Hardness: Rockwell 15T

Distance from Mouth Hardness
1/8" 82-86
1/4v 88 min

1,34 Wash, Rust Preventive & Dry (if necessary)

79
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1,35

1.36
1,37
1.38
1.39
1.40

1.41

Retdper & KReplug

Press: vertical, double actics, crank - Bliss No, 162
Tools: Plugging punch PT 159A

Shoulder die PTC 1990

Body die PTC 1989
Gages & Limits:

SKFSA 9870 - mouth diam. 0,3078-0,39085

FB 23520 - profile of body
FB 25522 - length, head to shoulder 1.56295-1,6325
FB 23460 ~ neck diam. 0.3413-0,3433

Lubricant: 1lard oil
Wash, Rust Preventive Rinse & Dry ~ Same as #1.32
Visual Inspect
Iron Phosphate ~ to be established and verified
Varnish - to be established and verified
Visuval inspect
Prime, Load, Insert Bullet, Gage & Weigh & Inspect -

Same machines as shown in the Operatioms Control Section per-
taining to Cartridge, Ball, NATO, 7.62mm, M80

Furnish gages required to aécomplish this project
Record the following information:

3.1 number of pieces processed through each operation
3.2 amount of scrap obtained at each operation

3.3 number of pieces processed by each tool

3.4 reason each tool is discarded

80
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3.5 anount and cause of dounrize

3.6 annealing acd heat treating daza (Time in ek zcoe, tize In
cooling chamder, Ttecperature in each zeoe, temperaimre and sivenpth of guench
sclution

3.7 o=achine specds

4. Record and sciuair a reced of B2C dullet poll, velocity, pressore
and vaterproof tests tiken at icading operatiscw,

5. Periomm a hardoess test on five picces Zifexn bBocrly from ezck of the
interdraw annezls, the body azd mooch a=d meck amceals, the Cemper aTwmeazl
and quecch harden operatiozs. Jefwmit reguits Io project cecxdisaters.

6. Measure Jive pieces fmom exch rup g draw peoch wery borT. Eeoocxd
ard suboit resulits o project cocrdicators.,

7. Measure [ive piecez every 30 mirmtes from che trim cpeziticn throogh

all subsequent coperaticns with the exceptico of the Taser 203 picg 2@ Tetagers
and replug oreratiocs, waich sb2il Be oezsured every 15 mimztes. Reooxd 2o
subnit measvrement. to project cecrdinators.

S. Submit 2 copy of the cartridze case LUO% wiscel imcpecticm Before a=d
afrer varmistioy operztfcn, the g3ge 2= weigh cperarice a=d the ROOY cazuridze
visvai inspecrucus to the project coordimerars. (Seze: It oy Te cecedsiry
to racuce thr speed of the irspection pperazticcs to obimim preper ioapecticn.)

9. Perform a measuremeat survey (pericdic check) om 2 samle @f tzo
carcridge ca-2s each z3kean at the begirminmg and end of eatk Say.

10. Perfcrr a weight chack o sauples of ten cartrifge casez szch, tsken
from che 2nd 10UZ viscval inspecticn. The sauples stall ke tzken ar the begioe
ning 23d enf of each éay.

11, Perfcra a hzrdness check on szmples of ten carctridze cases ezch, taken
froa the Ist 100Z visvail inspection. The samples shsil be takez 2r tEe beginm-
ning and ex. of each day. Tzke readicgs =t positiccs showm e Srawings
D19521997. Rezdings on the head ans: on the sifewall frex cthe kead v to 228
includiag .2 1.5 inch position skall be read cn the Rociorell I3F scale.
Position 1."75 shail be rezé en the Rockwell 15T szzle.

12. Perfor1 2 hardness test on the sirip at the Tegicuicg =od ené ef ezch
coil.
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I3. Sepoly 2 suificiest qrarticy of Bellecss, Ball;, NATO, 7.62wm, MBS
2o accompliss tests.

3. S=ppiy a swificiesr guazcity of primers Xo. 3% to accompiish zests.

RO

5. Scooly & suificient quanzity of Westera 3ail propeliant to accompiish
TRSTS.

35, Miiccain Idestity of work throsgh all operarioss. . L
27. Tumish a conplete cost breabdowa .of expexditures o ?roje;:: Engineer, )
38, Totwaxd coastities of cartridges specified by Troject Cocrdinators to ‘ :

e :ngatezxzc Froof mnx; Ladoratories, TA200, wken recuested,

iS. Pack art:ie;a when requested by Project Coordizatars.
23. Section cartriége cases as reguested by Projéct Cooxdizaters. ;

2i. Jemove tcols from machiae as each ooe:anoa is coxpleted znc store
properly idearificd.

22. Yancfactore a&iﬁml rools as Toquested
Picman-Dorn Reséarch Laboratories,  E1EGO _
T _Mechanical Metallurgy Branch, E7260

23. Foroisk photomicrographs of the steel strip microscructute - 750
mazaificaxion, oo

[y

2%. Toraish photomicrographs of samples of three ‘compozents eéach taket froa
the Interdraw-aineals aod Zardening and fexpering cperarions, Photomicro-
graps skill be taken of the middie wal: srea using 750 magnificatioas. >
25. C=xarine 2 sample of five a:tndge caszs each for cold shut cetermina-
tion. Take pno:onirrogr:spns of then {iC) mgm:icauon).
Tesc and Evaiustion Divisice, Q6000 g
- Basic Materials Evaluation. Branch, Q6100
.20, Perfomm 2 wet ctiemical a2oalysis on a sazple of steel cartricge !
czse strip from each coil. i
27. Perform haréness deterirations 2s requested by Projéct Coordimators.
¥
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Enviformental Branch, Q6200

28, Perfornm a salt spray test utilizing a 57 solution on o -sample of

give cartridge cases, Method of test shall be in conformance with Federal
Test Method Standard No., 151.

29, Perform a salt spray test utilizing a 5% solution on a sample of
, five cartridges. Method of test shall be in conformance with Fedéral Test
N Method Standard No. 151.

S Small Caliber Engineering Directorate, U1000
i Ammunition Engineering Branch, -U4100

30. Forward samples of steel cartridge case strip to Basic Materials
] Eva1u8t1on Branch, Q6100 for a wet chemical analysis.

1 | 3i. Fbrward samples of the steel cartridge case strip to Mechanical
1 Metallergy Branch L7208 for photomicrograpns of grain structure.

32, Forward three components from each interdraw anneal -and hardening
operation o Mechanical Metallurgy Branch, L7200 for photomicrographs of
grain structure.

33. Forward five flnzshed cases- to ‘Mechanical Metallurgy Branch, L7200,
for cold shut determ1n3t1ons and photomicrographs. Take from Head Opgratiog.

34, Forward samples of finished cases to. the Basic Materials Evaluation
Branch Q6100 for hardness determinations.

35. Forward samples of varnished cartridge cases and cartridges assembled
with varnished cases to Environmental Branch, Q6200, for salt -spray testing.

4]

36. Properly identify all samples as to program nuﬁber, operation and type of
test to be performed,
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APPENDI;; E

FRANKFORD<ARS£hAL .
AMMUNITION DEVELOPMERT & ENGINEERING LABORATORIES
ENGINLERING DIVISION TMP=305=7. 62HM STEEL -

Project :Engineery
Tool & ‘Component Design Engineer:

" IED Techn1ca1 Administrator:

Protéss Ergineers:

‘Walter We:s,\J7200 Ext 4233
Rudolph: Grosskurth, J7900 nzt 5194
Joseph Charno, J9100, Ext 32jl
‘Peter Bertino, J9100 Ext 22251 '

Mt e m o e v nm o

‘ S. White, 19100, Ext 22251
Support Engineering:

Metallurgy: E. Dougherty, J4500, Ext 24195
_ Chemistry: ‘W, Svekla, J4400, Ext 24285
‘Subjects Manufacture of 1 Million

Case, Cartridge, Steel, 7.62mm;
*FAT1E4 and Assembly into Cartridges,.
M80 & M62 for Englneerlng and Setv1ce
Tescs :

Instructions and Requirements:

1. Sufficient steel (&0 tons) to produce 1 million: 7.62mm steel

-cartridge cases, drawing No, FB 30544, was ordered from Sharcn Steel Co.

in two heats. The fitst heat (apnroxlmately 45,000 Ibs) heat No. 529328

will be deliveéred to Frankford Arsenal on or abouc 17 April '1967. This

steel has a carbon content -of 26%. The second heat will be poured to supply
the remalnder of the order by 15 May 1967, The sceel w111 not be phosphate )
coated. ISD shall process this strip in. the followlng manner .using the -sequence
of operations, tools, inspection limits, hardness .controls, and solutions listed
below:

NOTE: It is imperative that the information requested throughoutr this THP

be gathered as required, Thls 1nformat10n is required ‘to prepare
specifications, Technical Data Packages, gx-cﬂufacturmg”procedure}s,

and a final report at the completion of the program. Therefore, each area
responsible for portions of this TMP shall acknowledge by submlutlng the
information monthly starting May 1967, to the Project Engineer, Mr.

Walter Weis, Bldg., 219-2,
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An'- discrepancics or ckanges to this TR shall be brought to

che accention of the Project Engu:eer as soon as roted,

Blank & Cup

Press: crank, verticzl, cdouble zctrion - 3liss Mo, ©
Tools: Bla:zking Puack, SKESA 11205, Rev C
Cupping. Punch, Sﬂb& 11206, Rev C
Blank & Cup Die SKFSA 11.&7 Rev E
Stripper, SKFSA 11208
Stripper Spring, PY-1G06
Stripger Holder, SKTSA 3682
Gage Limits: SKFSA 9863 - 0.b, 0.55%-0,700
SKFS&. 9864 - Base thick, €.150-9.15¢
SXFSA 9365 - Wall thick. 6,189 inside
Base - 0.107-0.1:7

wall thick, variatios - 0,180 from imside

Ezse - 0.60% =ax
w211 heighc variztica - 0,035 max
Weight - 134 grs (zpp*ex)
Solution: 1~1/2 patts water to 1 parc Lubro No. &%
Hirdness: 1/16" froz juncticn of base and sidenwall
Ry & to 86

Wash, ‘Rust Prevent

Barrel: oetal, rorary, inclinable, Baixd - ]

Solution: Hot water, &4 cups tri~socdivm phosphate; wash Zor 1/2
hour; Rust Prevencive: potassium dichrcmate adced to
£iaal rinse,

Anneal.

Furnace: Lindberg, atoosphere controiiéd

Temperature: 1320°F

Time in furnace: Iongest time possible (approx i062:min)

Hardness: 1/16" from junction of base and sidewsll
T RB 65 max
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1.5 Phosphate Coat & Lubricate i
Machine: Ransomacic :unit or other appropriate equipment }
4
1.5 First Draw L
Fress: .cramk vertizal duplex Bliss. No. 62 :
Tocls: Punch Pr-3291
i - Guide Ring PT-196E2
Top Die PTC-1982 ‘
‘Bottoz Die PZC-19383
.k - Seripper PT-12944
1 Stripper Eolder PT-1005
i ) Stripper Spring Pi-1C06
L. Gage Limits: SKFSA 9366 - -0.D, 0.595-0.600
FB 36251 - base thick. O. 156-0,15&
- ¥ ‘ _ SKFSA 9867 --wall thick. 0,437 from inside base
) . ] 0.658-0.062 '
TF : . wall thick, var, -0.437 fron imside base - :
- f‘ i . ) 0.094-ax ’ )
j Soluticns 6 1bs industrial soap chips to 50 gals aater. If éifffculties
1 .are encountexred, revert to & parts water t¢ 1 part Warco 2\0.
3 . 1673
3 - ‘Hardness: 1/16% frco inside base Ry 80 to 86
> 1.5. Wash, Rust Prevencive Rinse & Dry 3
R ‘washer: Kiagara
i Solurion: 7.5 lbs 6f Pemsalt to 200 gals of :’ o
T s Rust Prevencn'e- 3 oz of potassiun
- qzcnromate added -to rinse watexr
i . 1.7 ‘Anneai.
Furnace: Lindbe..g, atmosphere controlled
E - Temperature: 1320°F
7Time in Furnace: longest time possible (approx 102 min)
N ; Hardness: 1/16" above junction of base and: sidewall RB 66 max
. ) : :
> -
] ‘ . 86
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1.8 Phosphate-Coat. & Lubricate
Machine: Réngomatié unit of othér-appropriate equipment
1.9 Second Draw:

Press: <crank, vertical, single action, Bliss No. 304

Tools: Punch ‘ PT-1901
‘Guide Ring FB 52211
"“Top .Die PTC-1902
‘Lub Ring SKFSA 10768
Bottom Die PTC-121A
Strlpper ©  PT-1003D

Stripper Holder ?T-IOOSB
Stripper ‘Spring PT-1006
Gagea & Limits: FB 36052. - 0 D, 0.,516-0,519
S KFSA 9873 - base thick, 0,155-0,165
. SKFSA 9874 - wall thick. 1/4" from inside base
v : 0.039-0,045

: wall thick var. - 1/4% from inside base 0. 005 max .
- - . SKFSA 9875-1 1/8" fromi inside base N

‘wall thick - O, 020-0 025
wall thick var-1 1/8" from inside base 0,003 .max
] _ ‘Solutiom: 6 lbs industrial -soap chips to 50 gals water, If
% ’ d1ff1cu1t=es are encountered, revert to -4 parts water
; to 1 part Warco No. 1673,
Hardness: 1/16" above junction of base and sidewall
RB 81 to 86

1.10' ‘Wash, Rush Preventive Rinse & Dry
‘Washer: Niagara - Sgg 1.6

1,11 Anneal

Furnace: Lindberg,‘atmosphere controlled
Temperature: 1320°F
Time in furnace; longest time possible (approx 102 min)
Hardness: 1/16" above junction of base and sidewall
Ry 69 max
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1.12 Phosphate Coat & Lubricate )
Machine: Rdnsomatic unit or ther appropriate equipment
1.13- 'Third Draw

Press: crank, vertical, single action, Bliss Xo, 304

Tools: Punch PT 1903A
Guide Ring "SKFSA 10770
Top -Die PTC 13iA
) Bottom Die PTC 132A
. . Strlpper "PT1004E
Stripper Holdet ?.l‘lOOSl
" Stripper Spring HIOOG

Gages & Limits: FB 17480 outside dia, 0,463C-9,4642
FB 22303 bage thick. 0.165-0.174 ‘
FB 23471 wall thick. 1/4" from inside
base 0.035-0,042
wall thick, war. 1/4" fron inside
base O, 006 max -
FB 23471 wall thick 1.70 from inside
base 0,0095-0,0125
wall thick. var. 1.70° from ingide
base. 0,002 max
Solution: 61bs commercial soap chips to 50 gal:z water.
If difficulties are encounteged revert to 4 parts
water ‘to 1 part Warco No, 1673
‘Hardness: 1/16" -abowe junction of ‘base and sidewall
RB 73 to 79

1.14 Wask, Rust Preventive Rinse & Dry

AT
§ A
e

Washer: Niagara - See 1,6
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1,16

"B.R7

1.18

Yachine: Lorizemwal, single soisdle

Tools: COotter SKFSA 10368

Spindia N 3525%
Siecva - SEES& €118
Szripper Ring SEXSk €122

h = ¥X 30255
Brrizg Cotter _SKPSL 6119
Sgricx - " SKPSk 6123

Gage & Lixits: SIESI‘JS?]. imxdelengmi&-&-!ﬁ&c

sork

. Izspestion. Belt
Bezd

é:t'ss: Sorizomtal toggie & crank

‘Toois: e PT-AEAE
_Tject Stem PE-142C
Pamch (T pe) e .
- Teaach (2 pc) SKESA-RE277 - -

| Poach Foldes SEFSK 11278

Cazer & Linics: T2 22321 - w:ﬁiﬁc &da. © 46-5-@ 567@
SIESR SEET - peckEr iz, C.3077-8.2
B 22323 < pocker Jepth D.E263-0. IJ@S

T3.22303 -wed thick, 06,032-6.6562 ~ ]
B 23432 - pocker concemiricizy 0,003 max

3 23350 - bezd cxookedaess 3.905 max

Rash, Fwsr Prevenrive Ricse & Dy

Kashep: Xiaypera - See 1.6
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vertical, double action, crank - Bliss Ko, 162

90

Press:
Tools: Mouth ironing punch FA 33875
Mouth ironing die P7-1600
Mouth iroaning spring PT-1012
Shoulder Die SKFSA 6143
Body Die P1C-1989
Eject. Stem PT1918 or SKFSA 6142
Piug Punch PT-159A

iy DL o R

T
v 4

a; - ) ‘:“‘ e s .
’ woe 0.2 e %"%'a
3,5 e
. Fs
~ 1.19 Head Turn
Machine: horizontal :single spindle ¥
- Tools: Coliet PT-1008B A
Spring P'r-1009
Form: Tool FB 52213 (carbide type c6)
Gagés & Limits: FC 2884 = head dia, 0,467=0,471 ;
FC 2627 - ‘head thick, 0,048-0,053
FC 2884 - ext groove.-dia, 0.403-0,407
1.20 Vent’& Deburr
= Machine: WFF Primer Insert
‘Tools: Burr
Punch FB 56637
‘Stem’ ¥B.18636B
. Vent )
Punch Holder PT~170B
Punch . FB 36474 -
Die. FB. 38475 '
Stem TB 36476 :
- 1st No Vent Detect }
Boider PT-176A
:Clamp PI-179A -
Stem PT-177B »
Detect Pin PT-178
) 2nd ‘Yo Vet Detect - Same.as ist No Vent Detect
i Gages & Limitg: "SKFSA 9868 - dia, of vent hole
- ) - 0.,078-0; 082
. MNote: Operation and tools mentiored abové arw :to be used when two
piece heading punch is used at heading operation, i
1.,21° Tapér & Plugz
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#Tjﬁixﬁuﬁamag»A PESs T =
1.21 Taper & Plug (cont'd)
Gages & Limits: FB 23520 - profile of body
SKFSA 9870 - mouth dia. 0.3078-0,3085
FB 23522 - length, head to shoulder
1,6295-1,6325
4 FB 23460 - neck dia. 0,3413-0,3433:
Lubrizant: machine oil
1.22 Wash, Rust Preventive Rinse & Dry
‘Washer: Niagara (see 1,6) ;
1.23 Finish Trim E
Machine: vertical, single spindle ‘ %
Tools: Cutter PTC 1010B or SKFSA 6148 ;
Cutter Holder PT-1011B or SKFSA 6147 5
Support Cover PT-1014 or SKFSA 6149 O
Retainer Séat PT-1923 or SKFSA 6150 o g
Case" Support FA 33876 or SKFSA 6149 2 4
Cutter Clamp PT-1015A or SKFSA 6149 5 i
-Gages .& Limits: FB 23526- - total length 2.003-2,0093 & g
; g
1.24 Wash, Rust Preventive Rinse &Dry ; %%
Washer: Nidgara (seé 1.6) o3
1,25 Harden (Temper -within two hours) ? é
Machine: Westinghouse induction unit 4 ¥
Hardness: 1/16" above extractor groove =R 42-50 i A
Voltage Setting: To be established # p
Quench Solution: Caustic Soda 6% i 0,5% . 2 ;
Quench Solution Temp: 60°F + 5°F 1 §
1.26 Wash, Rust Preventive Rinse & Dry . - %
Koo
Washer: Niagara (see 1.6) ? ;
,
£ P
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1,27 Temper (within two hours of Harden 1.25)

Furnacé: Lindbeig, electr1c :recirculating air
Temperature: 800°“ + 10°F for 75 minutes
Hardness: 1716 above .éxtractor groove Rc 22 to 28

1.28 Clean & Rinse

Machine: Blakeslee pickling unit
Cleanlng agent to be estab11shed

1.29 Wwash, Riust Preventive Rinse & Dry
-‘Washer: Nizgara (see~1.é)
1.30 Retaper & Replug (if necessary)

Press: vertical, dotible action, cramk - Bliss No. 62

Tools: Plugging Punch PT-159A

: Shoulder Die SKFSA 6143

Body Die PTC-1989

Gages & Limits: SKFSA 9870 - mouth dia 0.3078-0,3085
FB 23520 - profile .of -body
FB 25522 - length, head to. shoulder

. 1,6295-1,6325

FB 23460 - neck dia 0;3413+0.3433

1.31 Wash,Rinse & Dry (if retaper is necessary)
Washer: Niagara (see 1,6)
1.32 Visual Inspect
1,33 Iron Phosphate - to be established
Process will be provided at a later date.
Alternate method - Plating Shop Bldg 46-1
1.34 Varnish - to be established
Process will be provided at a later date.

Alternate method ~ Ronci varnishing machine and
curing oven located in Bldg 39.
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2.353 Visual Izspect . ; )
1.35 Prize, Yoad, Gige & Weigk & Isspect ] §
. B
Sam: ocachings as shown. in the Opezations Coerrol Secticm g
pertaining tO Cartridge, 3all & Tracer, MRIG, 7.62mm, Y20 azd M2 o
2, Foroish: gages required to accomplish tiis project %
P T L
H3. Recozrd the following inFformatice: ) - f: -
- ) &
Lo : 3.1 Suxder of pieces processed throogh each cperatice. ’f_ﬁ
% 3.2 Asmount of scrap ohzained st éach opexstioe, ) X :
" 3.3 Xuxter -of piéces processes by esc: Looi. . $
3.4 Reasom each tool is discarded. - 7 I
3.5 Anount and cause of -Cowntime. .
3.6 Machioe speéés‘. .
. ) &, Perfora & hardness test on Tive pieces, f;uam kourly, faw each ' %
o} of the interdraw amneals, the Guench Barden anf cenper a—oezi oge:s‘im. <7
. Submit results ro Project Engineer, Mr. W. Weis. )
: 1 5.  Measure five pieces from each cup and dree Peoch every Booz. 3
Record énd submit ©o Project Engimeer, i
= ¢ ) 3
0. Measure five pieces every 30 minvces from the xim operatioz =
1 through ail subsequent cperations witn the excepricn of teper s=d picg ’
and retaver and replug (Rf needed), which shall Be :r:easn':eé zvery 13 N
. minutes. Record and subnit measuremeats to Project Engineer. ® =
1. Subni.: .2 copy of the cartridge case 1007 visval iInspection: : ;
before and after varmishing operation, the gage znd weigh cperaties, ) :

and the 100% cartridge visuzl inspectioas to the Project Esgineer.
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8. Rericon = meesereaent scrvey {(periofic check) on a se=ple of ten
czzIde CaSes e2cn, T2xsa 2t the end of ezchk day.

3. feriong 2 weigk check ca saxdles ¢f ten czriridge ca2ses each.
zxe Srow the second IODY wiscsl inspeciion. The sansles shall e
Tahen T the o3 of e2ch day.

0. Pericom 2 Berdness check oo szmples of ten careridge ceses cach
tzken froam the firmst 68X vis~2l fnspecrisn. The szmples sheli be

T2k 2t 22 end of 22¢h day. Teke readicgs at gesitions shown on
Erawing Mo, DIGIZISFT. Rezdings skall be tzken similzr o brass case
csice Vickers BFE ==2 2-1/2 icad, o€ esth week ten ceses shail

be secticoxd, coe-Balf secticm moonted 2nd herdness Tests taxen 2t the
szme positioss on the secciomed sidexzll dsing Vickers cr Tudom PP
wich 2 2-3/2 gg Rocd.

i, TDerfornm 2 Eardosss Test oo tie strip st che begicming and ead
oI ¢ach ooil, Use Rockerzel "BE° sczle.

12, S<oFiy 2 seificiest quanticy cof Bsilets, E2ii, X3¥0, 7.62mm,
¥25 for lozding 3o assemblicg 800,000 B2it, M3Q, Czctridges.

3. ooly 2 seificient guanticy of Bullers, Erzecer, NATO, 7.62=m,
¥E2 for icedirg and assemdiirz icze 290,900 Tracer, M52 Czrrridges.

B&. Scply 2 suificient guantity of Yo. 3% prizers for tests azd
o2 cEllisa prodocticn qcuaniitw.

LY

15, Soply 2 suificient qusntizy of Waetern E=i1, WCB4SE propellan:
to accomplisk: resting and cthe ooe millign prodecticnarantity.

16, ¥aiotzin icdsmticy of work through zli operations.

i7. Porcish 2 compleze cost brezkdous of expenditures o Freoject
Exziceer, ¥, W. Weis.,
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18, Forward quantities of cartridges specified by Project Engineer
to Engineering Proof Testing Laboratories, J9200, when requested.

19. Pack cartridges when requested.

20, Remove tools from machine as each operation is completed and
store properly identified, unless otherwise specified.

21, Manufacture additional tools, if required.

Pitman Dunn Research Lab, L1000
Mechanical Metallurgv Branch, L7200

22, Purnish photomicrographs cof the steel strip microstructure -
750 magnification.

23, Furnish photomicrographs of samples of three components each,
tzken from the interdraw anneals, hardening and tempering operations.
Photomicrographs shall be taken of the middle wall area using 750
rmagnification,

24, Examine a sample of five cartridge cases each for cold shut
determinations. Take photomicrographs (100 magnification).

T2st & Evaluation Division, Q6000
Basic Materials Evaluatioa Branch, Q6100

25, Perform a wet chemical analysis on a sample of steel cartridge
case strip from each heat of Sharon Steel,

6. Per form nardness determinations as requested by Project

Environmental Branch, Q6200

27. Perform salt spray test using 5% and 20% solutions on a
sample of five cartridge cases. Method of test shall be in conformance
with Federal Test Method Standard No. 141,
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28. Perform salt spray tests utilizing 5% and 207 solutions on
samples of five cartridges., Method of test shall be in conformance
with Federal Test Method Standard No, 141,

Ammunition Development & Engr Lab, J4000
Metallurgical Engr Branch, J44C0

29, Porward samples of cartridge caee steel strip (Sharon Steel Co)
from both heats of steel to Basic Materials Evaluation Branch, Q6100,
for wet chemical analysis.

30, Forward samples of the cartridge case steel strip (Sharon Steel
Co) from both heats of steel to Mechanical Metallurgical Branch, L7200,
for photomicrographs of grain structure,

;
é
;
:
!

v

st apon

31. Forward three components from each interdraw anneal, hardening
: and tempering operation to Mechanical Metallurgical Branch, L7200,
P for photomicrographs of grain structure,

32, Forward five headed components to Mechanical Met Branch, L7200,
for cold shut determinations and photomicrographs.

v

33, Provide metallurgical technical assistance where and when required.

g ey 48

Chemical Engr Branch, J4300

34, Forward samples of varnished cartridge cases and cartridges
assembled with varnished cases to Environmental Branch, Q6200, for salt
spray testing,

appen w0

35, Provide chemical technical assistance where and when required,

RS

Small Caliber P& Engr Lab, J9000
Ammunition Engr Branch, J9100

i

36, Forward samples of finished cases to Basic Materials Evaluation
Branch, Q6100, for hardness determinations.

37. Provide technical assistance relative to tooling and process
where and when required,
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UNCLASSIIR , R P
. S’er..»ravﬂuu!'rti:ca- ’ . - B 3 b
- 87 ’ aoc.manr CONTROL ﬁu;. R&D T . S s
. Selusity-insailication ol titie mdy-of skatiats arad thde. ,3 arsvotetion maet Le sxlsred mbzn 2o aversi! ragort ia clnc!!:qi ‘g § ¢ -
1 CHIGINATING ACTIVITY (Conporaln suttiin) - 136, AEFGHT SECURITY CLASRFICLTION ° [ -
. Frankford Arseaal :.\cu«rpmn . 5 25 IEINE
2 . 28, » 3
‘ Pmlanciphm Pa. 19137 enos ]
4 o
3 IIPONT TITLE N : y y - ~ N " e .
% &
7.62mim ifeat Treated Steel Cartridge Case 7 o
- E e .
A DEICKIFPTIVE NOTES (Type of repcat and Inchisive dates) - T co - P o
Firzd Renort . . . . . bt S
3- AUTHORIS) (Firet name, middle mnul 183t namas) - - - . ' S o1 < ~
] : P
2 o .- ! .
- Philip B. Tayler . N
i Sidaer thu: i 3
8. l(’ol? OA"! = - - . - 7;. "!'GTKL NC. QF PAGES e ;55 NO, OF ACPFS 4_
a : : . 3
' . . ) ) 161 ) ° 3
]38 CONTAACT OR GRANT NO. 8. ORISINATOAR'S REPORT NUMBRER(S) ' o
NA i SR
b.,-rao.:zcr N3 : E 2
#  AMCMS Code 4810.16.9987.7.06. 01 6003 ) 1 4
. e . ». 3-:‘::6:}“0*7 O3} (Any om-r m:- oy mey o unlm 1 .'
4 P A
< d. ) . . i o 2 - ¢ “
13 DISTAIBUTION STATEMENT i)astnhmmn limited fo.L.S. Government agencxes only, Tesi nd E"“ﬁ“a"w‘}ﬁ 3
} June 1971 Other Fequesis for Bus ducument must ne referied to the Conumanding Officer . :
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